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FOREWORD

Longevity in the academic life occasionally rewards one with an opportunity to
observe the progression of people or programs from simple beginnings to great
heights of excellence. This book, Clinical Applications for Muscle and Musculocuta-
neous Flaps, seems to invoke such a feeling.

In early 1971 there was no plastic and reconstructive training program at Emory
University. Later that year, Dr. Maurice J. Jurkiewicz joined our faculty and less
than a decade later his program was renowned throughout the world. The academic
progeny of “Dr. J.” are now scattered from coast to coast. Drs. Mathes and Nahai,
members of this group, also trained in General Surgery at Emory, where they com-
piled enviable records. Their professional success has been accompanied by gracious-
ness and good humor, engaging qualities in those achieving distinction at an ear-
ly age.

The broad principles espoused in this book and the wide-ranging applicability of
these reconstructive techniques are eloquent testimony to the authors’ commitment
to the total care of the surgical patient. Certainly this work should mute the com-
monly heard theme that plastic and reconstructive surgery serves only the wealthy
and vain. There is great satisfaction in having played even a small part in the events
that led to this outstanding surgical contribution.

W. Dean Warren, M.D.

Whitehead Professor and Chairman, Department of Surgery
Emory University School of Medicine
Atlanta, Georgia

ix



PREFACE

“What we need to see now are a few harpsichords,
rather than so many logs--recognizable, new, artistic,
and fully acceptable noses, cheeks, chins, necks,
legs, and arms rather than indistinguishable globs
and blobs of transported tissue in those areas.

The older meaning of plastic is molder or sculptor,
and this is the central reason for our existence as a
specialty.”

The principle of transposition of the muscle and
musculocutaneous flap has progressed from the ini-
tial phase of amazement to its present phase of re-
finement. Fortunately, this phase of refinement in re-
constructive surgery is a never-ending process and as
such is not complete. However, progress in the clin-
ical application of the muscle and musculocutaneous
flap is extensive and includes modifications in flap
design and techniques for flap transposition and now
transplantation. McDowell further states in the edi-
torial cited above, “But there is a difference between
a hod carrier and a sculptor, and the time has come
to produce more finished works of art--something
that will not only function like a leg (or whatever),
but that will look like a leg (or whatever).” In the
hope of demonstrating when and how the clinical ap-
plication of muscle and musculocutanecus flaps will
provide the “harpsichord” and not the “log” and the
“finished result” and not the “blobby flap,” this text
is written.

Unlike the traditional tubed skin flap, transposition
of the muscle and musculocutaneous flap is accom-

*From McDowell, F.: Plast. Reconstr. Surg. 64:249, 1979.

plished in one operation. When secondary revisions
are necessary to achieve the optimal result, the ad-
vantage of the single operation is lost. With the rapid
inflation of medical costs, the reconstructive surgeon
is challenged to shorten the reconstructive process
while providing the optimal result. The clinical appli-
cation for muscle and musculocutaneous flap is pre-
sented for each body region, using the unique vas-
cular anatomy for single-staged reconstruction and
emphasizing flap refinements to achieve form and
function.

The vascular anatomy of muscle and musculocu-
taneous flaps is the basis of its wide clinical applica-
tion. The first part of the text presents the principles
of muscle transposition. Emphasis is placed on vas-
cular anatomy and its application to achieve the op-
timal result when the muscle or musculocutaneous
flap is used in reconstructive surgery.

The muscle and musculocutaneous flap is but one
method in the reconstructive ladder that ranges from
the skin graft to the more complex methods of distant
flap transfer or transplantation. The second part of
this text consists of the application of muscle and
musculocutaneous flaps for each specific region.
Within each section, the systematic approach to flap
selection initially relates the role of specific muscle
and musculocutaneous flaps to the other methods in
this reconstructive ladder for specific defects in the
region. When the muscle or musculocutaneous flap
is appropriate for a specific defect, the chapters deal-
ing with the reconstruction of each region contain
specific information regarding design and techniques

.
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xii PREFACE

for use of muscle and musculocutanecus flaps to
achieve defect reconstruction. Finally, specific com-
plications inherent to each flap are presented so that
potential causes of flap failure are avoided by the re-
constructive surgeon.

Microsurgery has released the muscle and muscu-
locutaneous flap from a specific arc of rotation allow-
ing use of certain flaps for any body region. Despite
the increased complexity of composite tissue trans-
plantation, this method of reconstruction is already
standard for certain problems encountered by the re-
constructive surgeon. In some instances composite
tissue transplantation provides a solution for a diffi-
cult wound where none was formerly available. The

third part of this text stresses the utilization of flap
transplantation where other methods commonly fail
to provide the optimal result.

In the final and fourth part of this text, the imme-
diate and long-term evaluations of the muscle and
musculocutaneous flap are examined. The current
period of refinement as related to use of the muscle
and musculocutaneous flap is filled with rapid
changes in flap selection and design. The basis of
these changes is presented with the expectation that
future refinements are forthcoming and will further
enable the reconstructive surgeon to uniformly
achieve the optimal result.
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SELECTION OF THE MUSCLE AND
MUSCULOCUTANEOUS FLAP IN
RECONSTRUCTIVE SURGERY

Stephen J. Mathes ® Foad Nahai

Techniques available to the reconstructive surgeon
for the management of a surgical defect or chronic
wound are considered as a reconstructive ladder—
progressing from simple to more complex proce-
dures.

Reconstructive ladder

Distant flap

)
Local flap

Complex

)
Skin grafts
T

Simple Direct closure

Selection of a technique is based on its ability to sat-
isfy the particular reconstructive requirements of the
defect. Success in reconstructive surgery requires vi-
able coverage and restoration of form, contour, and
function.

COVERAGE

The majority of surgical defects or chronic wounds
maintain local capillary circulation within both the

wound base and adjacent skin. Thus direct closure,
skin grafts, or local flaps provide coverage.

Progression up the reconstructive ladder becomes
necessary when local wound circulation is impaired
(e.g., radiation vasculitis). Local random flaps gener-
ally have vascular compromise by the same mecha-
nism that caused the nearby wound. Therefore the
flap with an intact vascular pedicle distant to the de-
fect is selected for coverage.

Axial and muscle flaps have specific vascular ped-
icles. When these pedicles are distant from the
wound or surgical defect, the flap is considered for
use in defect coverage. Unfortuhately, few axial pat-
tern flaps have been identified, including temporal,
deltopectoral, groin, and dorsalis pedis. Muscles are
available in most body regions. Each muscle has po-
tential as a muscle or musculocutaneous flap. Ap-
proximately 37 muscles and 20 musculocutaneous
flaps have been described (Table 1). Selection of a
particular axial flap or muscle is based on its ability
to provide safe coverage because of a vascular pedicle
distant to the wound.

FORM AND CONTOUR

Although coverage is essential, selection of tech-
niques from the reconstructive ladder is also based

3



4  PRINCIPLES

on restoration of form and contour. The technique
that best restores form and contour is selected from
the methods with the ability to provide safe coverage.

The skin graft provides ideal coverage for the shal-
low wound. Local tissue rearrangement maintains
form and contour in the deep small defect. The de-
fect with missing muscle and skin (e.g., extirpative
head and neck surgery and mastectomy) may benefit
from a muscle or musculocutaneous flap to improve
contour as well as coverage.

In certain regions, when local tissue is unavailable
for coverage (e.g., lower leg and scalp), transposition
of the muscle only with skin grafts may be superior
to the bulk associated with the musculocutaneous
flap. The recent expansion in available techniques in
the reconstructive ladder provides surgeons with ad-
equate choice in flap selection to avoid bulky flaps for
thin defects despite the complexity of specific
wounds.

FUNCTION

Functional requirements at the site of reconstruc-
tion vary, depending both on location and sensibility.
In regions where trauma is frequent and sensibility
lost, flap coverage is desirable. However, skin grafts
are used in areas of minimal trauma or where sensi-
bility exists.

Emphasis on function at the site of reconstruction
is secondary only to the necessity for successful
wound or defect coverage. In acute injury safe cov-
erage must not be jeopardized to achieve function.
Skin grafts are readily removed later and replaced by
the selected flap to provide durable coverage after
resolution of the acute injury phase (e.g., burns and
lower extremity trauma).

SELECTION OF A SPECIFIC MUSCLE
OR MUSCULOCUTANEOUS FLAP

When transposition of a muscle or musculocuta-
neous flap is planned to accomplish a specific recon-
struction, selection of the muscle has been initially
based on its potential to provide coverage. The relia-
bility for successful coverage has earned the muscle
and musculocutaneous flaps a position in the arma-
mentarium of the reconstructive surgeon.

With continuing anatomic study and clinical ex-
perience, refinements in muscle selection, flap de-
sign, and techniques of elevation have occurred.
Transposition of muscle and musculocutaneous flaps
now provides reliable coverage and form, contour,
and function preservation. These refinements have
resulted in greater use of a smaller number of mus-
cles in the practice of reconstructive surgery. These

muscles include the following in the order of fre-
quency:

Latissimus dorsi

Pectoralis major

Tensor fascia lata (TFL)

Gluteus maximus

Gracilis

Gastrocnemius

Soleus

Rectus abdominis

Trapezius

Platysma

The frequency in which a particular muscle flap is
used reflects not only the proximity of the muscle to
common wounds (e.g., mastectomy defect, head and
neck defect, and pressure sores) but also the specific
features of muscle anatomy.

Requisites for muscle flaps

Requisites for muscle selection for use as a muscle
or musculocutaneous flap are presented as criteria
for safe and successful transposition. The emphasis
on function preservation is now greatly expanded,
since this refinement is applicable only to specific
muscles. These guidelines allow selection of the
muscle best suited to accomplish reconstruction in
all body regions.

Size of muscle belly

The size of the muscle belly distal to the point of
rotation must be adequate to cover the defect. Only
with microvascular transplantation can the entire
muscle belly be used for defect coverage. A part of
the muscle length is also used to reach the defect
after transposition. Use of muscles immediately ad-
jacent to the defect often avoids objectionable muscle
bulk between the point of flap rotation and the de-
fect. Although upper and lower motor neuron dis-
eases are associated with fatty changes within the
muscle, the potential for defect coverage are not al-
tered.

Size of cutaneous territory

The skin territory of superficial muscles is based
on musculocutaneous perforators. Since the pattern
of musculocutaneous perforators varies with each
muscle, a knowledge of their location affects flap de-
sign and usefulness. A separate chapter is included
in this text to present the anatomy of the musculo-
cutaneous perforators and its clinical significance.

Location of vascular pedicles

The entire basis for the success of the muscle flap
is based on a pattern of circulation that is consistent
in location and resistant to the effects of radiation
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therapy and superficial trauma. This robust circula-
tion allows safe transposition of both muscle and
overlying skin with dimensions far exceeding the tra-
ditional random flap. However, the suitability of each
muscle for both transposition or transplantation by
microvascular surgery is different. This difference is
based on patterns of circulation and is determined by
a study of location and size of vascular pedicles to
muscle. The number and locations of vascular pedi-
cles critical to muscle survival are variable. The rela-
tionship of the pedicle(s) to the muscle belly deter-
mines the potential arc of rotation and resultant clin-
ical usefulness. A separate chapter is devoted to an-
atomic studies that define the patterns of circulation
to muscle and their clinical significance.

Accessibility

The majority of muscles useful as transposition
flaps have a superficial location. With the knowledge
of muscle origin and insertion in relationship to ex-
ternal landmarks, flap design and elevation are not
complicated. The ease of dissection for all muscles is
presented in Table 1.

Preservation of function

If muscle origin or insertion or motor nerve is di-
vided during flap elevation, then the muscle will no
longer serve its original function. This may well re-
sult in functional disability or alteration of form and
contour. In selecting a particular muscle for recon-
structive purposes, it is therefore essential to consider
the potential functional loss.

The use of some muscles will not lead to signifi-
cant functional impairment or contour deformity
(e.g., soleus), whereas in other muscles the use of
the entire muscle will lead to significant functional
loss (e.g., gluteus maximus muscle in an ambulatory
patient). Similarly, the elevation of a pectoralis major
muscle may lead to loss of form in the anterior axil-
lary fold. Thus options are available to minimize or
eliminate these losses (i.e., the preservation of func-
tion through synergistic muscles or surgical tech-
niques for function preservation).

Synergistic muscles. When a muscle from a group
of synergistic muscles is transposed as a muscle flap,
the functional loss is compensated by the remaining
synergistic muscles. The gracilis, an adductor of the
thigh, is expendable, because the remaining more
powerful adductor muscles will preserve function. If
one muscle of the hamstring group is used, function
is preserved by the remaining two muscles.

Function-preserving techniques. Through the ex-
act definition of the blood supply to muscle, two tech-
niques have evolved for transposition of a part of a
muscle while preserving function and form. The first

technique is applicable to the muscles of the extrem-
ities with long tendons, and the second is more
suited to the broad, flat muscles of the trunk.

For lower extremity coverage the application of one
belly of the gastrocnemius or the soleus will not re-
sult in significant impairment of ankle plantar flex-
ion. However, if the flexor digitorum longus, tibialis
anterior, or the long extensor of the toes is divided for
transposition as a flap, functional deficits are easily
detected (e.g., tibialis anterior foot drop). For cover-
age of small defects careful dissection of the distal
muscle from the tendon allows transposition of the
muscle without disruption of the muscle tendon unit.
Latex injections of muscle before and after flap ele-
vation using this technique demonstrate vascularity
of both muscle and tendon. This technique will only
allow elevation of a small flap limited in length to 7
to 8 cm (Fig. 1-1).

The transposition of the pectoralis major and latis-
simus dorsi muscle flaps leads to the loss of the an-
terior and posterior axillary folds, respectively. Loss
of the posterior axillary fold is minimized by the pres-
ence of the teres major muscle. However, if the en-
tire pectoralis major muscle is elevated and the inser-
tion divided, then a significant deficit of the anterior
axillary fold results. Through a precise knowledge of
the blood supply, intramuscular vascular patterns,
and motor innervation, it is possible to use both these
muscles as flaps and still preserve function and form.

Half of the latissimus dorsi muscle may be elevated
and transposed anteriorly onto the chest wall. During
the dissection for flap elevation, the lower origin is
divided. The insertion and motor nerve are not dis-
turbed, thus preserving form and function (Fig. 1-2).

The use of the distally based latissimus dorsi mus-
cle flap also serves to preserve function. When the
latissimus dorsi muscle is based on the thoracodorsal
pedicle and advanced posteriorly for coverage of the
back, the entire origin is divided. However, the inser-
tion and motor nerve are undisturbed. The flap is
then sutured either to the opposite latissimus dorsi
muscle if bilateral flaps are used or to the opposite
edge of the defect if a unilateral flap is used. In either
case the origin of the muscle is reestablished. Func-
tion and form are preserved.

The pectoralis major has a dominant thoracoac-
romial pedicle, entering the muscle several centime-
ters from the insertion, and segmental secondary
pedicles, branches of the internal mammary artery,
entering the muscle medially close to its origin. The
motor nerves, the medial and lateral pectoral nerves,
enter the muscle with the thoracoacromial pedicle.
When the pectoralis major muscle is transposed me-
dially, based on the distal segmental vascular pedi-
cles for coverage of sternal defects, the anterior axil-

Text continued on p. 14.
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Fig. 1-1. Extensor hallucis longus muscle and skin graft for coverage of small defect

of lower third of tibia with function preservation.

A and B, Small traumatic anterior tibial defect of lower third of leg.

C, Extensor hallucis separated from tendon. NOTE: Great toe extension with retrac-
tion of preserved tendon.

D, Muscle transposed into defect and skin grafted.

E, Postoperative lateral view demonstrates full extension of great toe.

F, Stable wound coverage provided by muscle flap and skin graft.



Fig. 1-2. Reconstruction of anterior chest wall with synthetic mesh and split latissi-

mus dorsi muscle with preservation of muscle function and form.
A and B, Fifteen-year-old boy after resection of ribs and sternum for chondroma has

thin skin coverage directly over pericardium.
C and D, Ribs and sternal defect reconstructed with synthetic mesh.

Continued.
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Fig. 1-2, cont’d
E and F, Anterior half of latissimus dorsi is elevated, (ant) preserving vessels and
motor nerve to posterior half of muscle (post).
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Fig. 1-2, cont'd

G, Latissimus dorsi transposed anteriorly.

H, Muscle covers mesh.

I, Three-month postoperative view.

J, Preservation of left posterior axillary fold and muscle function.
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Fig. 1-3. For legend see opposite page.
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Fig. 1-3. Coverage of infected median sternotomy wound with bilateral pectoralis ma-

jor flaps with preservation of anterior axillary fold and muscle function.

A, Fifty-six-year-old man with infected median sternotomy wound.

, Wound debrided.

Resected necrotic sternum.

Medial pectoral nerve (n) and lateral branch of thoracoacromial vascular pedicle

(p) preserved to lateral pectoralis major muscle fibers. Medial two thirds of mus-

cle transposed into sternal defect.

E, Bilateral medially based pectoralis major muscle flaps and right rectus abdominis
muscle elevated.

F, Flaps transposed into sternum.

G and H, Patient several months after operation at rest, and contraction of pectoralis
major muscle with preservation of anterior axillary fold.

1, Anterior view of another patient without function preservation techniques dem-
onstrates absent anterior axillary fold (arrow).

g R
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TABLE 1 Specifications for muscle and musculocutaneous flaps

Pattern of
Size—width x Sensory innervation— blood supply
Muscle length (cm) Skin territory nerve and dermatome (type)
Abductor digiti minimi 1 x5 Same as muscle None I
(hand)
Abductor digiti quinti 2 x 10 Same as muscle Lateral plantar (S1, S2) 11
(foot)
Abductor hallucis 2 x 10 Same as muscle Medial plantar (1, S2) I
Biceps brachii 6 x 23 Same as muscle Medial brachial cutaneous I
(C8, T1)
Biceps femoris 8 x 35 10 x 40 Posterior femoral cutaneous 11
(S1-S3)
Brachial radialis 5 x 22 Same as muscle Lateral antebrachial 11
cutaneous (C5, C6)
Dorsal interossei 5 None None I
Extensor digitorum 4 x 35 None None v
longus
Extensor digitorum 4 x 8 Same as muscle Deep peroneal nerve (L5, S1) e
breyis
Extensor hallucis 3 x 24 None None v
longus
External oblique 28 x 15 Same as muscle Intercostal, segmental (T5- v
T12)
Flexor carpi ulnars 5% 20 Same as muscle  Medial antebrachial cutaneous 1l
" (C8, T1)
Flexor digitorum 5x 12 Same as muscle Medial (L4, L5) and lateral II
brevis plantar
Flexor digitorum 4 x 35 None None v
longus
Flexor hallucis longus X 24 None None v
Gastrocnemius x 15 10 x 23 None I
(medial)
Gastrocnemius 6 x 12 10 x 23 None I
(lateral)
Gluteal thigh flap 12 x 12 10 x 35 Posterior femoral cutaneous Axial
(81-83)
Gluteus maximus 24 X 24 24 x 24 Segmental sacral (51-S5) 11
Gracilis 6 X 24 8 x 15 Anterior femoral cutaneous 1I
(L2, L3)
Latissimus dorsi 25 x 35 30 x 40 Segmental intercostal (T2-T6) v
Pectoralis major 15 x 23 20 x 28 None \4
Peroneus brevis 3 x 15 Same as muscle Superficial peroneal nerve I
(L5, S1)
Peroneus longus 3 x 20 Same as muscle Superficial peroneal nerve I

(L5, S1)
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Function
Preserved
Accessibility Lost Technique J Synergists Osseous territory Clinical application
Excellent X None Hand
Excellent X None Foot

Excellent Arm

Excellent X None Ischium

Excellent X None Hand
Poor X X None Lower leg

Poor X X Fibula Lower leg

Excellent X None Abdomen

Fair X . None Foot

Fair X X None Lower leg

Excelent X X None Knee, leg

Excellent X X None Knee, leg

Excellent None Pressure sore,
perineum,
back

Excellent X None Pressure sore,
perineum

Excellent Fifth and sixth Head, neck,

ribs chest
Fair X X None Lower leg

Continued.
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TABLE 1 Specifications for muscle and musculocutaneous flaps—cont’d

Pattern of
Size—width x Sensory innervation— blood supply
Muscle length (cm) Skin territory nerve and dermatome (type)
Platysma 8 x 12 10 x 15 Superficial peroneal nerve II
(L5, S1)
Rectus abdominis 6 X 25 21 x 14 None III
Rectus femoris 7 % 32 12 x 32 Anterior femoral cutaneous I
(L2, L3)
Sartorius x 40 5x7 None v
Semimembranosus X 24 None None 11
Semitendinosus 4 x 24 None None 11
Serratus anterior 12 x 10 12 x 6 Segmental intercostal (T2-T4) 111
Soleus 8 x 28 5 x 15 None II
Sternocleidomastoid 5% 18 6 x 20 None II
Temporalis 6 x 10 None None II1
Tensor fascia lata 5 x 15 8 x 40 Lateral femoral cutaneous I
(L2, L3)
Tibialis anterior 4 x 25 4 x 12 None . v
Trapezius 34 x 18 20 x 8 None II
Vastus medialis 8 x 24 None None 11
Vastus lateralis 10 x-26 10 x 15 None II

lary fold may be preserved. The lower origin of the
pectoralis major muscle from the external oblique
fascia and lateral sixth rib is not disturbed, and the
muscle is divided 1 or 2 cm medially to this border of
the pectoralis major. The medial pectoral nerve and
lateral branches of the thoracoacromial artery and
vein are also preserved. The medial pectoralis major
muscle fibers are folded into the sternal defect. The
distal pectoralis major retracts toward the axilla.
However, if this part of the muscle that is vascular-
ized and innervated is then sutured to the pectoralis
minor under tension, some function and form of the
anterior axillary fold are preserved (Fig. 1-3).
Muscle transplantation. The improved reliability
of microvascular techniques for free transplantation
of muscle and musculocutaneous flaps has further
enabled reconstructive surgeons to preserve function.
Lower extremity defects are commonly associated
with injury to entire muscle groups. Transposition of
remaining muscles may further impair lower extrem-
ity function. However, the free transplantation of the
gracilis muscle for small defects or the latissimus
dorsi musculocutaneous flap for large defects often

eliminates the necessity to use local flap techniques.
The same function-preserving technique described
for transposition of the latissimus dorsi muscle is also
applied to elevation of the latissimus dorsi free flap.
Only the anterior branches of the thoracodorsal ar-
tery and nerve are incorporated into the portion of
muscle and skin elevated as the donor flap for trans-
plantation to the lower extremity. The posterior mus-
cle is not disturbed, with vascular pedicle, nerve, or-
igin, and insertion intact.

Proximity of motor nerve entry
to muscle origin

The motor nerve generally enters the proximal
muscle close to the origin. The motor nerve is often
closely associated with the dominant vascular pedicle
to muscle. Muscle denervation noted on preoperative
evaluation may indicate an associated injury to the
vascular pedicle. The location and preservation of the
motor nerve are essential in free functional muscle
transplantation. Specific efforts to divide the motor
nerve will not always significantly reduce muscle
bulk in the denervated muscle, and the required
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Function
Preserved

Accessibility Lost Technique w Synergists Osseous territory Clinical application

Excellent X None Head, neck

Excellent X None Abdomen, chest,
breast

Excellent X None Abdomen,
pressure sore

Excellent X Iliac crest Groin, leg

Fair X None Pressure sore

Fair X None Pressure sore

Fair X X None Breast

Fair X X None Lower leg

Excellent X Clavicle Head, neck

Fair X None Head, neck

Excellent X Iliac crest Abdomen, groin,
perineum,
pressure sore

Excellent X X None Lower leg

Excellent X X Scapula Head, neck,
back

Poor X None Leg

Fair X None Leg

proximal dissection subjects the vascular pedicle to
injury.
Sensory innervation

The preservation of sensory nerves to the cuta-
neous territory of superficial muscles allows transpo-
sition of a sensory flap. The restoration of sensibility
to pressure regions is performed whenever possible.
Use of this refinement in musculocutaneous flap de-
sign has been expanded by use of nerve grafts be-
tween intact sensory nerves above the level of spinal
cord injuries to the sensory nerve of the flap in
staged procedures. Inclusion of a sensory nerve to
the cutaneous territory of muscle allows microvascu-
lar transplantation of a sensory flap. The sensory
nerve to the cutaneous territories of all superficial
muscles is presented in Table 1.

Osseous territory

Vascular connections between muscle fibers and
bone at either the origin or insertion allow elevation

of bone: with the flap. These vascular connections to
the periosteum are tenuous, and careful elevation is
required for transposition or microvascular transplan-
tation of an osseous muscle or musculocutaneous
flap. This muscle flap design may be applied to man-
dible reconstruction, incorporating rib with pectora-
lis major and microvascular flap transplantation for
reconstruction of long bone injuries.

CONCLUSION

The transplantation of muscle and musculocuta-
neous flaps is now an established technique in recon-
structive surgery. Progressive refinements in muscle
selection and design are responsible for their consis-
tent reliability in providing coverage and restoring
form, contour, and function. Through knowledge of
the requisites of muscle for use as a transposition
flap, the muscle flap has been integrated into the re-
constructive ladder and selected when required for
optimal results in reconstructive surgery.



VASCULAR ANATOMY OF MUSCLE:
CLASSIFICATION AND APPLICATION

I. Head and neck
A. Platysma
B. Sternocleidomastoid
C. Temporalis
II. Trunk
A. Anterior
1. Pectoralis major
2. Rectus abdominis
B. Posterior
1. Latissimus dorsi
2. Trapezius
I1I. Anterior thigh
A. Gracilis
B. Rectus femoris
C. Sartorius
D. Tensor fascia lata (TFL)
E. Vastus lateralis
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Posterior thigh

A. Biceps femoris

B. Gluteus maximus
C. Semimembranosus
D. Semitendinosus

. Medial leg

A. Flexor digitorum longus
B. Gastrocnemius

C. Soleus

Lateral leg

A. Extensor digitorum longus
B. Extensor hallucis longus
C. Peroneus longus

D. Tibialis anterior

Foot

A. Abductor digiti minimi
B. Abductor hallucis

C. Flexor digitorum brevis
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The circulation of muscle is based on the vascular
pedicle(s) that enter(s) the muscle belly between its
origin and insertion. The pedicle(s) consist(s) of an
artery, generally a branch of the major artery to the
specific anatomic region of the muscle, and paired
venae comitantes that drain into a corresponding ma-
jor regional vein. The paired venae comitantes com-
monly join as a single vein immediately before enter-
ing the major vein. When more than one vascular
pedicle enters a muscle, the larger pedicle generally
enters that portion of the muscle located at the prox-
imal end of an extremity or the midline area of the
trunk. The size and location of the larger vascular
pedicle(s) are fairly constant in the human muscle.
The number and size of the small vascular pedicle(s)
are subject to variability. When a muscle receives
two large vascular pedicles from several regional
sources, each pedicle is usually equal in size and
constant in location. Each human muscle has a fairly
constant configuration in regard to its source of blood
supply.

The use of 2 muscle as a flap requires movement
of a part or all of a muscle by surgical manipulation.
This surgical manipulation of the muscle must not
interrupt the circulation of the muscle. Therefore a
precise knowledge of the location of the vascular
pedicle(s) to the muscle is required. When a muscle
has more than one vascular pedicle, the relative im-
portance of each vascular pedicle in regard to muscle
circulation is necessary. When division of a pedicle
generally results in muscle avascular necrosis, this
pedicle is defined as a major vascular pedicle. Minor
pedicles represent smaller vascular attachments to
muscle. When divided the muscle circulation is sus-
tained by the larger dominant vascular pedicle(s).
Use of muscle as a flap is generally based on a single
vascular pedicle or its dominant vascular pedicle(s).

Each muscle has small vascular attachments from
adjacent structures: bone, tendon, muscle, and skin.
Selective division of the major vascular pedicle(s)
without surgical manipulation of the muscle will not
routinely result in muscle necrosis because of sus-
tained circulation through minor vascular pedicles

and these potential vascular communications to ad-
jacent structures. Furthermore certain muscles can
survive surgical manipulation and division of the ma-
jor vascular pedicle when minor pedicles are pre-
served. However, this circulation via the minor pedi-
cle(s) is not always satisfactory, and muscle avascu-
lar necrosis often results after such surgical manip-
ulation. A muscle used as a flap based only on
circulation from minor vascular pedicles is defined as
a distally based flap.

The vascular anatomy of human muscles has been
studied by regional vascular injections with colored
barium-latex solution. Subsequent dissection of each
muscle allows location and measurement of the vas-
cular pedicle(s) to muscle. Measurements include
the location of the point of entry of the vascular ped-
icle into the muscle, the regional source of the vas-
cular pedicle, and the diameter and length of each
specific pedicle. When a muscle has a single vascular
pedicle, its potential as a flap is established by these
anatomic data. Use of this muscle as a flap by de-
tachment of either its origin, insertion, or both is safe
as long as this single vascular pedicle is maintained.

When the muscle has more than one vascular ped-
icle, the relative importance of each vascular pedicle
to muscle circulation must be determined. Selective
injections of a barium-latex solution into the vascular
pedicles allow study of the relative filling of the inter-
nal muscle vasculature (Fig. 2-1). The larger vascu-
lar pedicle that successfully fills the internal muscle
vasculature on selective angiogram is considered a
dominant vascular pedicle.

Anatomic studies are performed in an adynamic
state and do not fully define the relative importance
of each vascular pedicle to muscle circulation. Actual
use of each muscle as a flap confirms the importance
of each pedicle in maintaining adequate circulation
for muscle survival. No vascular pedicle is described
as a dominant vascular pedicle unless the pedicle has
sustained muscle circulation after surgical manipu-
lation of the muscle for use as a flap in reconstructive

surgery.
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Insertion

Fig. 2-1. Vascular anatomy of pectoralis major.
A, Selective barium-latex injection in thoracoacromial artery.
B, Selective thoracoacromial angiogram,

(From Mathes, 8.].. and Nahai, F.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67[2]:177, 1981.)
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s e 1% o ot insertion

Fig. 2-1, cont’d

C, Selective barium-latex injection in internal mammary artery. Ligatures denote
site of musculocutaneous perforating vessels.

D, Selective internal mammary angiogram. Arrows denote secondary segmental ped-
icles, which are basis for reverse transposition of muscle.
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CLASSIFICATION

Review of the vascular anatomy of human muscle
obtained by cadaver studies and 10 years of clinical
experience in use of muscle as a flap reveals five pat-
terns of muscle circulation (Fig. 2-2). The potential
use of each muscle as a flap is based on its individual
vascular anatomy. However, generalizations regard-
ing muscle vascular anatomy are possible. These pat-
terns or types of circulation are presented to assist in
the selection of the muscle for use as a flap with em-
phasis on survival of muscle after the required sur-
gical manipulation of its vascular anatomy.

Tensor fascia lata Gracilis

Gluteus maximus

Type I: One vascular pedicle (Fig. 2-3)

Anatomic studies reveal a single vascular pedicle to
these muscles. Muscles with this vascular pattern in-
clude the following:

Medial gastrocnemius

Lateral gastrocnemius

Rectus femoris

Tensor fascia lata

Latissimus dorsi

Sartorius

Type | Type Il

Type Il

Type IV

Fig. 2-2. Patterns of vascular anatomy of muscle: type I, One vascular pedicle; type
11, dominant pedicle(s) and minor pedicle(s); type III, two dominant pedicles; type
IV, segmental vascular pedicles; type V, one dominant pedicle and secondary seg-

mental pedicles.

(From Mathes, S.J., and Nahai, F.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67[2]:177, 1981.)
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Fig. 2-3. Patterns of vascular anatomy of muscle.

A, Tensor fascia lata (type I). Arrow denotes vascular pedicle.

B, Angiogram of single pedicle-terminal branch of the lateral femoral vircumnflex ar-
tery.

(From Mathes, S.)., and Nahai, F.: Classification of the vascular anatomy of muscles experi-

mental and clinical correlation, Plast. Reconstr. Surg. 67]2):177, 1981.)

21
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Type II: Dominant vascular pedicle(s) and
minor vascular pedicle(s) (Fig. 2-4)

Anatomic studies reveal both large and small vas-
cular pedicles to these muscles. The larger dominant
vascular pedicles will sustain circulation to these
muscles after their elevation as a flap when the
smaller minor pedicles are divided. This is the most
common pattern of circulation observed in the hu-
man muscle. Muscles with this vascular pattern in-
clude the following:

Abductor digiti minimi

Abductor hallucis

Biceps femoris
Flexor digitorum brevis
Gracilis

Peroneus longus
Peroneus brevis
Platysma
Semitendinosus
Soleus
Sternocleidomastoid
Trapezius

Vastus lateralis
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Fig. 2-4
A, Gracilis (type 11). D, Dominant pedicle; m, minor pedicle.
B, Angiogram of dominant pedicle (D, branch of medial femoral circumflex artery)

and minor pedicle (m, branch of superficial femoral artery).

(From Mathes, S.].. and Nahai, I.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67({2):177, 1981.)
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Type I1I: Two dominant pedicles (Fig. 2-5)

Anatomic studies reveal two large vascular pedicles
to these muscles. These pedicles have either a sepa-
rate regional source of circulation or the vascular
pedicles are located on opposite stdes of the muscle.
Since regional and selective angiograms demonstrate
equal filling of the arterial vessels within the muscle
by these two pedicles, division of one pedicle during
flap elevation may result in loss of muscle within its
vascular distribution. Muscles with this vascular pat-
tern include the following.

Gluteus maximus

Rectus abdominis

Sexratus anterior

Semjmembranosus

Temporalis

Fig. 2-5

Type IV: Segmental vascular pedicles
(Fig. 2-6)

Anatomic studies reveal multiple vascular pedicles
entering the course of the muscle belly. Each pedicle
provides circulation to a portion of the muscle. Divi-
sion of more than two or three of these pedicles dur-
ing elevation as a flap results in distal muscle necro-
sis. Muscles with this vascular patiem include the
following:

Exlensor digitorum longus

Extensor hallucis longus

Flexor digitorum longus

Flexor hallucis Jongus

Sartorius

Tibialis anterior

Origin

Insertion

A, Gluteus maximus (type I11). s, Superior gluteal artery; i, inferior gluteal arterv.
B, Angiogram of dominant pedicles. s, Superior gluteal artery, 1, inferior gluteal
artery. Dotted line denotes site of division of muscle for transposition of only one

half of muscle.

(From Mathes, S.)., and Nahai, F.: Classification of the vascular anatomy of muscles: expen-
mental and clinjcal correlation, Plast, Reconstr. Surg. 67[2):177, 1981.)
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Origin

Insertion

Fig. 2-6. Patterns of vascular anatomy of muscle.
A, Sartorius muscle (type 1V). Arrows denote segmental pedicles.
B, Angiogram of femoral artery. Arrows denote segmental pedicles.

(From Mathes, S.J., and Nahai, F.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67[2]:177, 1981.)
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Type V: One dominant vascular pedicle
and secondary segmental vascular pedicles
(Fig. 2-7)

Anatormdc studies reveal a large vascular pedicle
within the shoulder girdle to these muscles. Selective
angiograms demonstrate filling of the internal vas-
culature of the muscle via this pedicle. However, the
segmental pedicles entenng these muscles at the
midline of the trunk also provide a significant source

of circulation to these muscles. The internal vascu-
lature of these muscles is also filled on angiograms
via these secondary segmental pedicles. These mus-
cles may be elevated as a flap on either vascular sys-
tem. Muscles with this vascular pattern include the
following:

Pectoralis major

Latissimus dorsi

Insertion

S

Origin

Fig. 2-7. Patterns of vascular anatomy of muscle.
A, Latissimus dorsi ({ype V). D, Thoracodorsal artery; small arrows denote second-

ary segmental pedicles.

B, Angiogram of dominant pedicle. D, Thoracodorsal artery. Arrows on outer row
indicate branches of thoracic and lumbar arteries; arrows on inner row indicate

branches of intercostal arteries.

(From Mathes, S.J., and Nahai, F.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67(2]:177, 1981.)
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CLINICAL CORRELATION: GENERAL
CONSIDERATIONS

The reconstructive surgeon selecting a muscle for
use as a flap must first consider the reliability of its
survival. However, other factors in selection include
the resultant form and function both at the site of
reconstruction and in the donor region. Refinements
in the design and technique of muscle flap elevation
are based on manipulation of the vascular anatomy of
muscle. The patterns of circulation to muscle deter-
mine the potential of each muscle to satisfy specific
reconstructive requirements.

Prediction of arc of rotation

The extent of elevation of muscle from its normal
anatomic position without devascularization and its
subsequent ability to reach adjacent defects deter-
mine the arc of rotation. The point of rotation is de-
termined by the site of entrance of the dominant or
major vascular pedicle into the muscle. Only the
muscle distal to the point of rotation is actually used

as a transposition flap. The point of rotation for mus-
cles of types I, II, III, and V generally is located at
one end or the proximal one third of the muscle.
However, the type IV muscle has a very limited arc
of rotation, since only the proximal or distal third of
the muscle is safely elevated because of the segmen-
tal vascular pattern.

In type III muscle in which the two dominant vas-
cular pedicles are located at opposite ends of the
muscle, the arc of rotation is decreased, since the
whole muscle may not survive transposition on one
dominant vascular pedicle.

The type V muscle has two arcs of rotation (Fig.
2-8). The entire muscle is safely elevated on the ma-
jor vascular pedicle, entering adjacent to the muscle
insertion in the shoulder girdle. Division of this dom-
inant vascular pedicle allows safe transposition (re-
verse arc of rotation) on the secondary segmental
pedicles entering the muscle adjacent to its origin in
the midline of the trunk.
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Fig. 2-8. Prediction of arc of rotation.

A, Latssimus dorsi (type V). Arc of rotation based on dominant vascular pedicle
(thoracodorsal artery).

B, Arc of rotation based on secondary segmental pedicles.

C, [LElevation of vertebral origin of latissimus dorsi muscles reveals secondary seg-
mental pedicles.

(From Mathes, S.)., and Nahai. F.: Classification of the vascular anatomy of muscles' experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67[2]:177, 1981.)
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Fig. 2-8, cont’d
D, Child with exposed Harrington rod.
E, Outline of reverse latissimus dorsi musculocutaneous flap.

F, Postoperative view reveals stable wound coverage provided by reverse latissimus
dorsi musculocutaneous flap.
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Prediction of skin territory

Use of superficial muscles as a flap may include
overlying skin based on musculocutaneous perforat-
ing vessels. However, the design of the skin overlying
the muscle as a musculocutaneous flap is determined
by the pattern of circulation to the muscle. Each
pedicle to muscle contributes to the skin circulation
via the musculocutaneous perforating vessels. Mus-
cles with types II (Fig. 2-9) and IV patterns of cir-
culation require division of minor or segmental pedi-
cles for flap elevation. The skin that is located over
the distal muscle does not always survive when these
pedicles are divided during flap elevation.

The circulation to skin overlying type 11T muscles
is always adversely affected after division of one of
the major vascular pedicles.

The skin distant to segmental secondary vascular
pedicles in type V muscles is rarely included with the
reverse flap transposition, since the flap is generally
used as a turnover flap (i.e., pectoralis major) or seg-
mental transposition (i.e., latissimus dorsi). However,
the entire skin overlying type V muscles is reliable
based on the dominant vascular pedicle.

Insertion

Origin

Fig. 2-9. For legend see opposite page.



Fig. 2-9. Prediction of skin territory.

A, Platysma (type 11). D, Dominant pedicle; m, minor pedicle.

B, Angiogram of platysma. D, Branch of the facial artery, m, branch of the wans-
verse cervical artery.

C, Absence of lower lip and buccal sulcus after chemasurgery.

D, Platysma muscle with distal skin island.

E, Six-month postoperative view demonstrates reconstruction ol buccal sulcus and
lower lip with platysma musculocutaneous fap.

(Irom Mathes, S.]., and Nahai. F.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67{2]:177, 1981.)
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Segmental transposition

Elevanon of a poruon of 2 muscle for use as a Rap
while maintaining the continuity of the muscle ori-
gin, insertion, vascular pedicles, and innervalion is
possible. The type 1II muscle (Fig. 2-10) is ideally
suited, since one half of the muscle is elevated on its
dominant vascular pedicle, while the continuity of
the other half with its vascular pedicle, nerve, origin,

Fig. 2-10. Segmental transposition.

and insertion are maintained. Furthermore a knowl-
edge of the intrinsic circulation of muscle allows el-
evation of a part of the muscle based on a selected
branch of the dominant or major vascular pedicle.
The continuity of the major pedicle and nerve with
the rematning muscle is preserved. This technigue is
applicable to muscles with types II, IV, and V pat-
terns of circulation.

A, Gluteus maximus (type [1I). Defect after excision of chronic wound of sacrum
with exposed sacral bone devoid of periosteum.
B, Design of skin island Jocated over superior aspect of ecach gluteus maximus

muscle.

C, Origin and insertion of superior half of each gluteus maximus muscle are di-
vided. Both musculocutaneous flaps are advanced 1o midline of sacrum, provid-

ing both muscle and skin coverage.

(B and C from Perry, S., and Mathes, S.J.: Bilateral gluteus maximus myocutaneous advance-
ment faps: sacral coverage for ambulatory patients, Ann. Plast. Surg. |In press.])
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Fig. 2-10, cont'd

D, Coverage of sacrum includes superior gluteus maximus muscles and overlying
skin island. NOTE: Origins of superior gluteus maximus muscles are approxi-
mated in midline. Closure of donor defect is possible with V-Y advancement of
musculocutaneous flaps to midline.

E, Siable coverage provided by bilateral superior gluteal musculocutaneous flaps.
Inferior halves of gluteal muscles remam ntacet for function preservation.

F, Direct closure of donor defect possible as result of V-Y closure. Muscle closure in
midline provides soft tissue coverage of sacrum without contour deformity.



QOrigin Origin

Insertion

Fig. 2-11. Design of distally based flaps.

A, Soleus (iype II). Posterior tibial and peroneal arteries.

B, Anglograms of popliteal artery. pe, Peroneal artery, pt, posterior tibial ariery.
NOTE: Distal minor pedicles denoted by arrows on inferior portion of muscle.

C, Chronic wopund of distal thixd of leg with exposed fibula and absen: peroneal
musculature.

D, Distal soleus muscle elevated from lateral approach. Arrows denote medially lo-
cated r:inor pedicles to distal muscle.

(From Mathes, S.J.. and Nahai, F.; Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg, 67{2]:177, 1981.)
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Design of distally based flaps

Muscles with type I circulation have minor vas-
cular pedicles that are usually divided during stan-
dard flap elevation. Division of the dominant vascular
pedicle and transposition of the muscle distally based
on the minor vascular pedicle have been successfully
performed. However, the location and size of minox
pedicles are variable, and the use of the distally based

Fig. 2-11, cont'd

flap is not reliable. Prior delay of the muscle either by
selective division of the dominant vascular pedicle or
use of a biochemical delay (i.e., isoxsuprine) may im-
prove the chances of muscle survival. The transposi-
tion of only a portion of the muscle for small defects
based on the minor pedicles of type II muscle is a
reliable technique (Fig. 2-11).

E, Arc of rotation of distal portion of soleus with medial muscle continuity main-

tained.

F, Skin graft is applied to exposed muscle belly.
G, Nine-month postoperative view reveals stable wound coverage.
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Potential for microvascular composite tissue
transplantation

Complete elevation of a muscle and transplantation
to a distant site require restoration of circulation by
microvascular techniques. Muscles with types I and
V circulation patterns are ideally suited for this tech-
nique, since the single vascular pedicle is generally
large and the muscle with its overlying skin reliable.
The majority of type II muscles are also safely trans-
planted based on the dominant vascular pedicle.
However, those muscles with two or more dominant
vascular pedicles are not usually suitable because of
the necessity for multiple microvascular repairs to re-
establish circulation at the site of flap transplanta-
tion.

Vascularized bone

Muscles with all five types of circulation have vas-
cular communication between muscle fibers and the
periosteum of bone at the site of origin or insertion.
However, the incorporation of vascularized bone with
the transposition flap is impossible when the vascular
attachments to bone are located beyond the point of
flap rotation. However, vascularized bone is useful in
muscles suitable for microvascular transplantation or
in muscles suitable for transposition when the vas-
cular attachments to bone are distal to the point of
rotation (i.e., pectoralis major muscle).

CLINICAL CORRELATION: SPECIFIC
MUSCLES

The vascular anatomy of each muscle useful as ei-
ther a transposition or transplantation flap is pre-
sented. This vascular anatomy is correlated with spe-
cific characteristics of the muscle to assist the recon-
structive surgeon in selection of the muscle flap best
suited for a particular reconstructive requirement.
These data are based on anatomic studies and corre-
lated with clinical experience. The potential variabil-
ity of muscle vascular pedicles is emphasized espe-
cially in regard to minor pedicles. Furthermore prior
trauma or vascular disease will alter the vascular
anatomy of muscles.

PLATYSMA

Vascular anatomy (Figs. 2-12 and 2-13)
Pattern of circulation: Type 11

Dominant vascular pedicle (D)
Branch of submental artery and venae comi-
tantes
REGIONAL SOURCE: Facial artery and vein
SIZE: Length: 3 cm
Diameter: 0.8 mm
LOCATION: Adjacent to muscle insertion be-
neath mandible

Minor vascular pedicle (m)

Branch of suprasternal artery and venae com-

itantes

REGIONAL SOURCE: Suprascapular artery and
vein

SIZE: Length: 2 cm

Diameter: 0.5 mm

LOCATION: Adjacent to muscle origin above

clavicle

Clinical application

ARC OF ROTATION: The entire muscle may be safely
elevated on the major vascular pedicle. However,
transposition of muscle alone is only useful for
coverage of tracheostomy defects or other mid-
line coverage problems.

SKIN TERRITORY: The anterior medial skin of the
neck may be elevated with underlying platysmal
muscle based on musculocutaneous perforating
vessels. A skin island may be designed over the
inferior muscle for transposition of the musculo-
cutaneous flap to the inferior face and oral cavity
for defect coverage. Skin islands designed over
the middle of the muscle may be transposed in-
feriorly with underlying platysmal muscle for
midline neck defects. This transposition is based
on the minor vascular pedicle.

SEGMENTAL TRANSPOSITION: Since the platysma is
small, partial muscle transposition has no clini-
cal application.

DESIGN OF DISTALLY BASED FLAPS: The platysma
and associated skin island located over the mid-
dle of the muscle belly may be transposed to the
midline neck based on the minor pedicle.
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POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The platysma with an overlying small skin island
may be transplanted by microvascular tech-
niques based on the facial artery and vein. How-
ever, the donor site in the neck and proximity of
this flap dissection to the mandibular branch of
the facial nerve may preclude its use.

VASCULARIZED BONE: No significant vascular at-
tachments of the platysma to the clavicle perios-
teum are noted.

Insertion (mandible) Insertion (mandible)

Origin QOrigin (pectoral fascia)

Fig. 2-12. Dominant vascular pedicle: D, Submental Fig. 2-13. Dominant vascular pedicle: D, Submental
branch of facial artery (f). Minor vascular pedicle: branch of facial artery (f). Minor vascular pedicle:

m, Branch of suprascapular artery. m, Branch of suprascapular artery.
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STERNOCLEIDOMASTOID
Vascular anatomy (Figs. 2-14 and 2-15)

Pattern of circulation: Type II

Dominant vascular pedicle (D)

Branch of occipital artery and vein
REGIONAL SOURCE: External carotid artery
and vein
SiZE: Length: 3 em
Diameter: 1 mm
LOCATION: Superior third of muscle adjacent
to hypoglossal (XII) nerve

Minor vascular pedicle (m)

1. Branch of posterior auricular artery and vein
REGIONAL SOURCE: External carotid artery
and vein
S1ZE: Length: 2 cm
Diameter: 0.6 mm
LOCATION: Adjacent to muscle insertion at
mastoid process

2. Branch of superior thyroid artery and vein
REGIONAL SOURCE: External carotid artery
and vein
SIZE: Length: 2 cm
Diameter: 0.6 mm
LOCATION: Distal one third of muscle

3. Branch of suprascapular artery and vein
REGIONAL SOURCE: Thyrocervical trunk
SIZE: Length: 2 cm
Diameter: 0.5 mm
LOCATION: Adjacent to muscle insertion at
clavicle

Clinical application
ARC OF ROTATION: The entire muscle may be ele-
vated on the dominant vascular pedicle (D).
Transposition of the distal two thirds of the mus-
cle may be performed with safety for coverage of
defects of the anterior and posterior neck and
lower face.

SKIN TERRITORY: The skin located over the lateral
anterior neck receives musculocutaneous perfo-
rators from the sternocleidomastoid. Inferior
neck skin may be designed as a skin island with
muscle transposition with coverage of intraoral
and lower facial defects.

SEGMENTAL TRANSPOSITION: Since the dominant
pedicle is located on the superior third of the
muscle belly, complete release of the origin is re-
quired to obtain adequate length to reach facial
defects. The sternal head may be transposed for
anterior midline neck defects with preservation
of continuity of the clavicular head.

DESIGN OF DISTALLY BASED FLAPS: The superior
muscle may be transposed inferiorly based on
the distal minor pedicles.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
This musculocutaneous unit is not useful as a
flap for transplantation because of multiple vas-
cular pedicles and its strategic location within
the neck.

VASCULARIZED BONE: Vascular communications be-
tween the muscle origin and periosteum of the
medial clavicle are noted. This bone may be
transposed with the muscle to oral defects re-
quiring mandibular reconstruction. However,
adequate lymphadenectomy associated with ex-
tirpative surgery may require division of the
proximal muscle vascular pedicles.
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Origin

Insertion Insertion

Fig. 2-14. Dominant vascular pedicle: D, Branch of Fig. 2-15. Dominant vascular pedicle: D, Branch of
occipital artery. Minor vascular pedicles: m;, Branch occipital artery. Minor vascular pedicles;m;, Branch
of posterior auricular artery; my, branch of superior of posterior auricular artery; my, branch of superior

thyroid artery; ms, branch of suprascapular artery. thyroid artery; ms, branch of suprascapular artery.
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TEMPORALIS SKIN TERRITORY: Musculocutaneous perforating
Vascular anatomy (Figs. 2-16 and 2-17) vessels are present between the muscle and
Pattern of circulation: Type III scalp. However, since this skin is hair bearing,
transposition of the scalp with muscle is rarely
Dominant vascular pedicle (D) indicated.
1. Anterior deep temporal artery and venae com-

SEGMENTAL TRANSPOSITION: Since the muscle has
two dominant vascular pedicles, the muscle may
be split, leaving the posterior half intact with its
origin and insertion. Generally, the entire origin
of the muscle is divided, and then the muscle is
split for defect coverage (e.g., anterior half on

itantes
REGIONAL SOURCE: Maxillary artery and vein
SIZE: Length: 2 cm
Diameter: 1 mm
LOCATION: Beneath muscle adjacent to its in-

sertion supraorbital region and posterior half on the in-
2. Posterior deep temporal artery and venae fraorbital region).
comitantes

DESIGN OF DISTALLY BASED FLAPS: The posterior
muscle may be elevated on the minor vascular
pedicles. However, the superficial temporal ar-
tery is generally divided in superior facial defects
where flap coverage is required.

REGIONAL SOURCE: Maxillary artery and vein
SIZE: Length: 2 cm
Diameter: 1 mm

LOCATION: Beneath muscle adjacent to its in-
sertion

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The temporalis may be transplanted to the mid-
dle or lower face based on the maxillary artery
and vein for use as function muscle in facial
palsy. There is potential for injury to the upper
division of the facial nerve during elevation of
this muscle for transplantation.

Minor vascular pedicle (m)
Two to four branches of middle temporal ar-
tery and venae comitantes
REGIONAL SOURCE: Superficial temporal artery
and vein
SIZE: Length: 1 cm
Diameter: 0.5 mm

LOCATION: Middle third of muscle along its VASCULARIZED BONE: Vascular communications to

superficial surface the periosteum of the temporal bone and the

muscle origin are noted. However, transposition

Clinical application of vascularized temporal bone with muscle only

ARC OF ROTATION: The entire muscle may be ele- has clinical application for local defects in cranial
vated on the dominant vascular pedicles. Trans- facial surgery.

position as a turnover flap is useful for coverage
of the orbit, superior maxillae, and ear.



Origin

Fig. 2-16. Dominant vascular pedicle: D;, Anterior
deep temporal artery; D,, Posterior deep temporal ar-
tery. Minor vascular pedicles; m, Branch of middle
temporal artery.

Insertion

3 «-I__\-—U‘I._,-\,.'_ =L

Fig. 2-17. Dominant vascular pedicle: D,
Anterior deep temporal artery; Dp, Posterior
deep temporal artery. Minor vascular pedi-
cles; m, Branches of middle temporal artery.

Insertion
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PECTORALIS MAJOR

musculocutaneous flap is generally placed im-
Vascular anatomy (Figs. 2-18 and 2-19)

mediately below or medial to the breast in the

Pattern of circulation: Type V female patient.

Dominant vascular pedicle (D) SEGMENTAL TRANSPOSITION: Release of the muscle

Pectoral branch of thoracoacromial artery and
venae comitantes
REGIONAL SOURCE: Subclavian artery and vein
SIZE: Length: 4 cm
Diameter: 2.5 mm
LOCATION: Beneath clavicle at midsuperior
edge of muscle

Segmental secondary vascular pedicles (s)—
Perforating arterial branches at first through
sixth intercostal spaces and venae comi-
tantes

REGIONAL SOURCE: Internal mammary artery
and vein

SIZE: Length: 2 to 3 cm

Diameter: 0.5 to 0.8 mm
LOCATION: Beneath muscle origin at sternum

Clinical application
ARC OF ROTATION: The entire muscle will survive

elevation on either vascular system: The single
dominant vascular pedicle or the secondary seg-
mental pedicles. Transposition of the muscle
based on the dominant vascular pedicle provides
coverage for defects of the head, neck, and an-
terior chest. Transposition of the muscle as a
turnover flap is based on the secondary segmen-
tal pedicles and is primarily useful for coverage
of defects of the sternum.

SKIN TERRITORY: The skin of the anterior chest re-

ceives multiple musculocutaneous perforators
from the pectoralis major muscle. All or part of
this skin may be included with the pectoralis
major when used as a muscle flap. Central per-
forating vessels also contribute to the circulation
of the breast. Design of the skin island on the

origin from both the sternum and rib and inser-
tion from the humerus are required for transpo-
sition of the muscle based on its major vascular
pedicle for coverage of head and neck defects.
An adequate muscle flap for sternal coverage is
provided by transposition of the medial two
thirds of the muscle based on the secondary seg-
mental perforating vessels. The medial pectoral
nerve and vessels are preserved with the remain-
ing muscle fibers that are attached to the lateral
chest wall to establish a new site of muscle ori-
gin. These fibers maintain the anterior axillary
fold.

The musculocutaneous perforating vessels
from the secondary segmental muscle pedicles
provide circulation to the skin extending from
the midline anteriorly to the anterior axillary line
posteriorly. This skin, the deltopectoral flap, sur-
vives elevation without disruption of the pecto-
ralis major and will cover head and neck defects.

DESIGN OF DISTALLY BASED FLAPS: Distally based

flaps are not applicable, because the pectoralis
major has no minor vascular pedicles.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

The muscle is suitable for transplantation based
on its dominant vascular pedicle for both cover-
age and functional use.

VASCULARIZED BONE: Vascular communication be-

tween the fibers of the muscle origin and the
periosteum of the fifth and sixth ribs allows
transposition of pectoralis major with the vascu-
larized rib. The vascularized rib reaches the in-
traoral defect and is useful for mandible replace-
ment.
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Pectoralis

minor Clavicular origin

Sternal
origin

Insertion ¢

Fig. 2-18. Dominant vascular pedicle: D, Pectoral branch of thoracoacromial artery
(t). Secondary segmental pedicles: s, Lateral pectoral nerve (Ip); medial pectoral
nerve (mp).

Sternal
origin

Insertion

Fig. 2-19. Dominant vascular pedicle: D, Pectoral branch of thoracoacromial artery.
s, Secondary segmental pedicles.
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RECTUS ABDOMINIS SEGMENTAL TRANSPOSITION: The muscle must be
Vascular anatomy (Figs. 2-20 and 2-21) divided either near its insertion or origin to
Pattern of circulation: Type III achieve an adequate arc of rotation to cover most

defects. However, the musculocutaneous perfo-
rating vessels provide cutaneous circulation to
the lateral abdominal wall. The thoracoepigastric
flap is based on these perforating musculocuta-
neous vessels and may be elevated from the an-
terior axillary line to the rectus sheath without
interrupting muscle continuity. This cutaneous
flap will cover thoracic and abdominal wall de-
fects.

Dominant vascular pedicle (D)
1. Superior epigastric artery and vein

REGIONAL SOURCE: Internal mammary artery
and vein

SIZE: Length: 2 cm

Diameter: 2.5 mm

LOCATION: Beneath muscle insertion at costal

margin

2. Inferior epigastric artery and vein

- DESIGN OF DISTALLY BASED . Di
REGIONAL SOURCE: External iliac artery and ED FLAPS: Distally based

flaps are not relevant to the rectus abdominis.

vein

s1zE: Length: 5 cm POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
Diameter: 2.5 mm The rectus abdominis may be transplanted based
LOCATION: Beneath muscle origin at groin on either dominant vascular pedicle and its as-
o sociated venae comitantes. However, the donor
Clinical application defect may cause donor site disability, and for
ARC OF ROTATION: The rectus abdominis may be el- this reason the flap is not recommended for mi-

evated on either major vascular pedicle. Trans- crovascular transplantation.

position of the inferior muscle will cover the
thorax, breast, and superior abdominal wall and
may be used in reconstruction of these regions.
Transposition of the superior muscle inferiorly
based will cover the abdominal wall groin and
may be used to reconstruct lower abdominal
wall.

SKIN TERRITORY: The anterior midabdominal wall
skin receives musculocutaneous perforating ves-
sels from the rectus abdominis. This skin over-
lying either the superior or inferior half of the
muscle may be included with the muscle as a
transposition flap. The entire skin overlying the
muscle will generally survive transposition as a
musculocutaneous flap based on either the su-
perior or inferior dominant vascular pedicle.

VASCULARIZED BONE: Although vascular communi-
cations between the muscle insertion and the
perichondrium of the fifth, sixth, and seventh
ribs are noted, donor deformity generally pre-
cludes transposition of the rectus abdominis with
vascularized rib.
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Fig. 2-20. Dominant vascular pedicles: D;, Superior Fig. 2-21. Dominant vascular pedicles: D,, Superior
epigastric artery; D,, inferior epigastric artery. epigastric artery; Do, inferior epigastric artery.
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LATISSIMUS DORSI
Vascular anatomy (Figs. 2-22 and 2-23)

Pattern of circulation: Type V

LOCATION: Adjacent to muscle insertion in
posterior axillae

Secondary segmental pedicles (s)—Four to

Dominant vascular pedicle (D) six perforating arterial branches and venae
Thoracodorsal artery and venae comitantes comitantes
REGIONAL SOURCE: Subscapular artery and REGIONAL SOURCE: Posterior intercostal ar-
vein tery and vein
S1ZE: Length: 8 cm S1ZE: Length: 2 to 3 cm
Diameter: 2.5 mm Diameter: 0.6 mm

LOCATION: Lateral to lumbosacral fascia

Insertion

Origin

Fig. 2-22. Dominant vascular pedicle: D, Thoracodorsal artery (branch of subscapu-
lar artery [a]). Secondary segmental pedicles: s;, Perforating branch of intercostal
artery; s, perforating branch of lumbar artery. n, Thoracodorsal nerve.
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Four to six perforating branches and neck, and breast reconstruction. Transposition

venae comitantes of the muscle based on the secondary segmental

REGIONAL SOURCE: Lumbar artery and pedicles is primarily useful for posterior midline
vein coverage over the vertebral column.

S1ZE: Length: 1 to 2 cm
Diameter: 0.5 mm
LOCATION: Adjacent to site of muscle ori-
gin into lumbar vertebrae

SKIN TERRITORY: The skin of the back is well sup-
plied with musculocutaneous perforators from
the latissimus dorsi muscle. The entire skin or a
portion of skin may be transposed with this mus-
cle based on either vascular system. Transposi-
tion of the musculocutaneous flap anteriorly
based on the dominant pedicle is most useful for
breast reconstruction. A portion of the skin ter-
ritory is also generally included with the muscle
for posterior trunk coverage based on the sec-
ondary segmental pedicles.

Clinical application

ARC OF ROTATION: The entire muscle will survive
elevation based on either the dominant vascular
pedicle or the secondary segmental perforating
vessels. Transposition of the muscle based on
the dominant vascular pedicle will cover defects
in the head, neck, and anterior and posterior
chest. Anterior transposition is useful for head,

Insertion

Fig. 2-23. Dominant vascular pedicle: D, Thoracodorsal artery (branch of subscapu-
lar artery [a]). Secondary segmental pedicles: s;, Perforating branch of intercostal
artery; s, perforating branch of lumbar artery.
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SEGMENTAL TRANSPOSITION (Figs. 2-24 and 2-25):

Division of the muscle origin is required to es-
tablish a wide arc of rotation for anterior defects
of the head, neck, and anterior chest. However,
the anterior half of the muscle will survive trans-
position based on the anterior branch of the thor-
acodorsal artery. The posterior muscle retains or-
igin, insertions, motor nerve, and vascular con-
tinuity. Transposition of the anterior muscle cov-
ers defects of the anterior chest, breast, and
axillae.

After release of the entire origin of the muscle,
it will extend across the midline, providing cov-
erage and establishing a new site of origin at the
site of fixation. This advancement of the muscle
origin will cover congenital posterior midline de-
fects in children (e.g., myelomeningocele) or ac-
quired wounds on the midline of the back.

Complete release of the muscle insertion is not
required for muscle transposition based on the
secondary segmental perforators. The musculo-
cutaneous perforators derived from the second-
ary segmental pedicles, especially the lumbar

vessels, will vascularize the back skin across the
midline, extending to the posterior axillary line.
Elevation of this skin as a flap, the transverse
back flap, will cover the midline defects. The
muscle is not elevated and retains normal func-
tion.

DESIGN OF DISTALLY BASED FLAP: Distally based

flaps are not applicable to the latissimus dorsi.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

The latissimus dorsi muscle is ideally suited for
transplantation based on the subscapular vessels
or on the anterior branch of the thoracodorsal
vessels preserving the function of the posterior
fibers of the muscle. The muscle transplantation
may include skin and is suitable for both cov-
erage and functional use in reconstructive sur-

gery.

VASCULARIZED BONE: Vascular communication is

not adequate between the fascia of origin or in-
sertion for elevation of vascularized bone with
the latissimus dorsi.
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Fig. 2-24. Segmental transposition. Mus-
cle A is vascularized by posterior branch
of thoracodorsal artery (a). Muscle B
transposition flap is based on anterior
branch of thoracodorsal artery (b).

Fig. 2-25. Muscle transposition based on -
retrograde  vascular filling through

. =it 3
branches (t and s). x, Prior ligation of -H_" { T
sub.scapular artery (a); t, branch to teres i e A, o T -
major; s, branch to serratus anterior. ; i r
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TRAPEZIUS
Vascular anatomy (Figs. 2-26 and 2-27)

Pattern of circulation: Type II

Dominant vascular pedicle (D)

Transverse cervical artery and vein

REGIONAL SOURCE: Thyrocervical trunk or
subclavian artery and vein

s1zZE: Length: 4 cm

Diameter: 1.8 mm

LOCATION: Posterior inferior neck and supe-

rior anterior margin of muscle

Minor vascular pedicles (m)
1. Branch of occipital artery and vein
REGIONAL SOURCE: External carotid artery
and vein

)

SIZE: Length: 3 cm
Diameter: 1 mm
LOCATION: Adjacent to muscle origin at exter-
nal occipital protuberance

Perforating posterior intercostal arteries and

vein

REGIONAL SOURCE: Descending aorta and
vena cava

sizk: Length: 1 to 2 ¢cm

Diameter: 0.5 mm

LOCATION: Vascular pedicles enter the muscle
along the posterior midline adjacent to the
cervical and thoracic vertebral body

Fig. 2-26. Dominant pedicle: D, Transverse cervical artery. Minor pedicles: my,
Branch of occipital artery; mo, branch of thoracic artery; ms, branch of posterior

intercostal artery.
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Clinical application SKIN TERRITORY: The trapezius has musculocuta-

ARC OF ROTATION: The trapezius may be com-

pletely elevated safely based on its circulation
from the dominant vascular pedicle. Elevation of
the entire muscle for coverage or reconstruction
is rarely indicated except when a very wide arc
of rotation is required to reach skull defects.
Prior division of the regional source of this mus-
cle’s dominant circulation, the transverse cervi-
cal artery, may significantly impair muscle cir-
culation and preclude its use as a transposition
flap.

Cervical

neous perforating vessels to the posterior neck,
shoulder, and superior back. Any portion of this
skin may be elevated with this muscle during
muscle transposition. The back skin is prefera-
ble, since the posterior neck skin may border a
neck dissection defect.

origin Occipital origin

origin

" «——I|nsertion

Fig. 2-27. Dominant pedicle: D, Transverse cervical artery. Minor pedicles: m;,
Branch of occipital artery; mjy, branch of thoracic artery; ms, branch of posterior

intercostal artery.
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SEGMENTAL TRANSPOSITION: The anterior trapezius
with overlying shoulder and neck skin may be
safely elevated based on the anterior branches of
the dominant vascular pedicle (Fig. 2-28). Divi-
sion of the fibers of insertion to the lateral third
of the clavicle and acromion is required for fiap
elevation. Although attachments of muscle to the
spine of the scapula are preserved, the function
of shoulder elevation is impaired after flap trans-
position. This flap provides coverage of anterior
neck and lower facial and oral defects.

The posterior trapezius with overlying superior
back skin may be safely elevated based on the
descending branch of the dominant vascular
pedicle (Fig. 2-28). Flap elevation only requires
release of distal fibers of insertion to the spine
and inferior fibers of origin to the thoracic ver-
tebral column. Continuity of the anterior trape-
zius between the neck and shoulder is preserved
to maintain important muscle function. This flap
provides reliable coverage for anterior and pos-
terior neck, lower and middle face, and superior
back defects.

DESIGN OF DISTALLY BASED FLAPS (Fig. 2-29): The

anterior trapezius and its overlying skin may be
elevated based on the minor pedicle from the oc-
cipital artery. However, the skin is unreliable be-
yond the lateral third of the clavicle, and prior
flap delay is recommended.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

Because of the location of the trapezius, trans-
plantation to distant defects is rarely indicated
despite the presence of a single dominant vas-
cular pedicle.

VASCULARIZED BONE: Vascular attachments be-

tween the muscle insertion and periosteum of
the lateral third of the clavicle and the spine of
the scapula are present. The lateral clavicle may
be included with transposition of the anterior
trapezius. The spine of the scapula may be in-
cluded with transposition of the posterior trape-
zius. This vascularized bone may be used in con-
junction with flap coverage for mandibular re-
construction.
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Fig. 2-28. Segmental transposition. A, Anterior tra- Fig. 2-29. Distally based flap. C, Occipital flap based
pezius flap (cervicohumeral flap); B, posterior tra- on occipital artery pedicle (m;,,

pezius flap. Transverse cervical artery: D;, Anterior

branch; Dy, descending branch.
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GRACILIS
Vascular anatomy (Figs. 2-30 and 2-31)

Pattern of circulation: Type II

Dominant vascular pedicle (D)
Medial femoral circumflex artery and venae
comitantes
REGIONAL SOURCE: Profunda femoris artery
and vein
SIZE: Length: 6 cm
Diameter: 1.6 mm
LOCATION: Superior third of muscle belly

Minor vascular pedicle(s) (m)
One or two branches of the superficial femo-
ral artery and venae comitantes
REGIONAL SOURCE: Superficial femoral artery
and vein
sIzE: Length: 2 cm
Diameter: 0.5 mm
LOCATION: Inferior half of muscle

Clinical application

ARC OF ROTATION: Elevation of the entire muscle is
reliable based on its dominant vascular pedicle.
Transposition of this muscle provides coverage of
peroneal and pelvic defect and penile recon-
struction. Division of the minor pedicle(s) does
not adversely affect muscle survival after trans-
position.

SKIN TERRITORY: The medial thigh skin is not en-
tirely vascularized by musculocutaneous perfo-
rating vessels from the gracilis. The skin over
the distal muscle when designed as a skin island
based on muscle circulation is not reliable with
division of the minor pedicle(s). Transposition of
the gracilis with a superior skin island is a reli-
able flap for vaginal reconstruction and coverage
of pressure sores, groin, and perineum.

SEGMENTAL TRANSPOSITION: Complete division of
the muscle insertion is required for muscle
transposition to reach pelvic defects. However,
the medial thigh skin may be elevated as a skin
flap if both proximal musculocutaneous perfora-
tors and superior skin continuity are maintained.

DESIGN OF DISTALLY BASED FLAPS: In musculocuta-
neous flaps based on the minor pedicle(s), dis-
tally based flaps are possible. However, a stra-
tegic delay is required 2 weeks before flap trans-
position. This is accomplished by selective divi-
sion of the dominant vascular pedicle.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The muscle or musculocutaneous unit may be
transplanted by microvascular techniques based
on the dominant vascular pedicle for coverage
and functional muscle transplantation.

VASCULARIZED BONE: There are minimal vascular
communications between the muscle origin and
pubic symphysis. This muscle is not useful as an
osseous muscle flap for transplantation.
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Origin

Fig. 2-30. Dominant pedicle: D, Medial circum-
flex femoral artery. Minor pedicle: m, Branch of
superficial femoral artery.

Origin

Insertion

Fig. 2-31. Dominant pedicle: D, Medial circumflex
femoral artery. Minor pedicle: m, Branch of superfi-
cial femoral artery.

17

Insertion
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RECTUS FEMORIS
Vascular anatomy (Figs. 2-32 and 2-33)

Pattern of circulation: Type 1

Dominant vascular pedicle (D)
Lateral circumflex femoral artery and venae
comitantes (NOTE: Muscle may receive minor
pedicle from femoral artery.)
REGIONAL SOURCE: Profunda femoris artery
and vein
SIZE: Length: 4 cm
Diameter: 2 mm
LOCATION: Superior one third of muscle

Clinical application

ARC OF ROTATION: Elevation of the entire muscle
based on its single proximal vascular pedicle is
possible. Transposition of this muscle provides
coverage of the groin, peroneum, pressure sores,
and anterior abdominal wall defects.

SKIN TERRITORY: The entire anterior thigh skin
may be transposed based on vascular communi-
cations with the rectus femoris. The presence of
numerous musculocutaneous perforators be-
tween the distal muscle and the overlying thigh

skin allows transposition of a distal skin island
for coverage of defects of both the groin and in-
ferior abdominal wall.

SEGMENTAL TRANSPOSITION: Transposition of the
rectus femoris requires complete division of its
insertion for adequate length to reach defects
where muscle coverage is generally required.
The distal muscle may be transposed with main-
tenance of tendon continuity for defects located
in the midthigh.

DESIGN OF DISTALLY BASED FLAPS: Because of the
absence of inferior minor pedicles, a distally
based flap is not possible.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The rectus femoris has potential usefulness for
microvascular transplantation based on its single
vascular pedicle for defects requiring both cov-
erage and functional muscle transplantation.

VASCULARIZED BONE: Vascular communications be-
tween the muscle origin and periosteum of the
inferior iliac spine are present, allowing the po-
tential for transplanting bone with muscle.
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Fig. 2-32. Branch of latehy rtt:iﬁ%umﬁex femoral artery Fig. 2-33. Branch of lateral circumflex femoral artery
(D). (D).
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SARTORIUS _ SKIN TERRITORY: There are occasionally musculo-
Vascular anatomy (Figs. 2-34 and 2-35) cutaneous perforating vessels between the mus-
Pattern of circulation: Type IV cle and lateral superior and medial inferior thigh

skin. Skin over the superior and inferior muscle
may be included with the muscle as a transpo-
sition flap. However, since this muscle will only
reach adjacent defects, use of this muscle as a

Segmental vascular pedicles
Six to ten segmental arterial branches from
the superficial femoral artery and venae com-

itantes . 1
. musculocutaneous flap is rarely indicated.
REGIONAL SOURCE: Superficial femoral artery
and vein SEGMENTAL TRANSPOSITION: Either the entire ori-
size: Length: 2 to 3 cm gin or insertion must be divided to obtain a short
Diameter: 0.6 to 0.8 mm arc of rotation for local defects.
LOE:E;ON: Deep surface of entire muscle DESIGN OF DISTALLY BASED FLAPS: Distally based
flaps are not applicable to the sartorius.
Clinical application POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
ARC OF ROTATION: The superior or inferior third of Only a small portion of the sartorius could be
the sartorius may be elevated with safety. Trans- transplanted based on a single segmental vascu-
position will cover small defects of the groin lar pedicle.

(e.g., femoral vessels after radical groin dissec- VASCULARIZED BONE: Although vascular communi-

tion) or knee, HoweYer, division of more t.h an cations between muscle origin and insertion to

three segmen?al pedicles may result in distal the iliac spine and medial tibia, respectively, are

muscle necrosis. noted, there is no clinical application for this
muscle flap with vascularized bone.
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Origin

Origin

| St
Insertion Insertion
Fig. 2-34. Arrows indicate segmental vascular pedi- Fig. 2-35. Arrows indicate segmental vascular pedi-

cles. cles.
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TENSOR FASCIA LATA
Vascular anatomy (Figs. 2-36 and 2-37)

Pattern of circulation: Type I

Dominant vascular pedicle (D)

Terminal branch lateral circumflex femoral

artery and venae comitantes

REGIONAL SOURCE: Profunda femoris artery
and vein

SIZE: Length: 8 cm

Diameter: 2 mm

LOCATION: 10 cm inferior to the anterior su-

perior iliac crest

Clinical application

ARC OF ROTATION: The fascia lata, the long fascial
insertion of the small TFL muscle, is vascular-
ized by the single muscle vascular pedicle.
Transposition of this muscle with its fascial in-
sertion will provide coverage for inferior abdom-
inal wall reconstruction.

SKIN TERRITORY: The entire lateral thigh skin is
vascularized by perforating vessels from the TFL
muscle, which extends inferiorly between the
fascia lata and subcutaneous tissue. Transposi-
tion of muscle, fascia lata, and overlying skin will
provide coverage of the abdomen, groin, peri-
neum, and pelvic pressure sores.

SEGMENTAL TRANSPOSITION: Complete division of
insertion is required for a useful arc of rotation.
However, distal skin may be elevated for mid-
thigh defects based on proximal musculocuta-
neous perforating vessels extending from the
muscle inferiorly. However, elevation of the skin
distal to the site of entry of the vascular pedicle
into muscle will divide musculocutaneous perfo-
rating vessels and result in unreliable skin cir-
culation.

DESIGN OF DISTALLY BASED FLAPS: Because of the
absence of inferiorly located minor pedicles, the
distally based flap is not possible for the TFL.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
TFL fascial or musculocutaneous unit is ideally
suited for microvascular transplantation based
on its single vascular pedicle for both coverage
and functional muscle.

VASCULARIZED BONE: Vascular communications be-
tween the muscle origin and periosteum of the
anterior iliac crest allow transplantation of this
unit with bone.
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Fig. 2-36. Terminal branch of lateral circumflex fem- Fig. 2-37. Terminal branch of lateral circumflex fem-

oral artery (D). oral artery (D).



62  PRINCIPLES

VASTUS LATERALIS
Vascular anatomy (Figs. 2-38 and 2-39)

Pattern of circulation: Type II

Dominant vascular pedicle (D)

Descending branch of lateral circumflex fem-
oral artery and venae comitantes

REGIONAL SOURCE: Profunda femoris artery

and vein
SIZE: Length: 4 cm
Diameter: 1 mm
LOCATION: Superior third of the muscle belly

Minor vascular pedicle(s) (m)
Intermuscular branches from superficial fem-
oral artery and venae comitantes
REGIONAL SOURCE: Superficial femoral artery
and vein
sizE: Length: 1 to 2 cm
Diameter: 0.4 mm
LOCATION: Medial deep aspect of the muscle
along the inferior half

Clinical application

ARC OF ROTATION: The entire vastus lateralis may
be safely elevated on its dominant vascular
pedicle. Transposition of this muscle is useful for
coverage of trochanter, ischium, groin, and ace-
tabular fossa and for reconstruction of the ab-
dominal wall.

SKIN TERRITORY: Although located beneath the
TFL unit, the vastus lateralis does contribute
musculocutaneous perforating vessels to skin.
Significant musculocutaneous perforators are
noted to the overlying skin if the vascular pedicle
to the TFL is injured. In this instance the vastus
lateralis should be transposed with overlying fas-
cia lata and skin.

SEGMENTAL TRANSPOSITION: Complete division of
the insertion of the vastus lateralis is required to
obtain an adequate arc of rotation for common
pelvic defects.

DESIGN OF DISTALLY BASED FLAPS: The small minor
pedicles will not support the entire vastus later-
alis if the dominant pedicle is divided. Also, the
location of minor pedicles along the middle of
the muscle belly precludes any useful arc of ro-
tation.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The vastus lateralis may be transplanted on its
dominant vascular pedicle and may be useful ei-
ther for coverage or for functional muscle trans-
plantation.

VASCULARIZED BONE: Although the vastus lateralis
has numerous vascular communications with
bone periosteum, transplantation of this muscle
with a portion of femur is not useful because of
potential donor site disability.
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Fig. 2-38. Dominant vascular pedicle: D, Descend- Fig. 2-39. Dominant vascular pedicle: D, Descend-
ing branch of lateral femoral circumflex artery. Minor ing branch of lateral femoral circumflex artery. Minor

pedicle: m, Branches of profunda femoris artery. pedicle: m, Branches of profunda femoris artery.
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BICEPS FEMORIS
Vascular anatomy (Figs. 2-40 and 2-41)

Pattern of circulation: Type II

Dominant vascular pedicles (D)
Three superior muscular branches of the pro-
funda femoris artery and venae comitantes
REGIONAL SOURCE: Profunda femoris artery
and vein
SIZE: Length: 3 cm
Diameter: 1 mm
LOCATION: Superior one third of muscle

Minor vascular pedicles (m)

1. Two to three muscular branches of the pro-
funda femoris artery and venae comitantes
REGIONAL SOURCE: Profunda femoris artery
s1zE: Length: 2 cm

Diameter: 0.8 mm
LOCATION: Inferior one third of muscle

Long head

Insertion

2. Two muscular branches of popliteal artery
and venae comitantes
REGIONAL SOURCE: Popliteal artery and vein
SIZE: Length: 3 cm
Diameter: 0.8 mm
LOCATION: Inferior one third of muscle

Clinical application

ARC OF ROTATION: Complete elevation of the biceps
femoris is possible when the superior three dom-
inant vascular pedicles are preserved. However,
the location of these pedicles prevents an ade-
quate arc of rotation as a transposition flap to
reach most defects. The muscle is advanced su-
periorly after release of the origin and insertion
for coverage of ischial defects.

SKIN TERRITORY: The posterior lateral thigh skin
receives musculocutaneous perforating vessels
from the biceps femoris. The entire posterior

Short head

Fig. 2-40. Dominant pedicle: D, Branch of profunda femoris artery. Minor pedicles:
m;, Branches of profunda femoris artery; mq, branches of popliteal artery.
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thigh skin may be elevated with this muscle. El-
evation of the semitendinosus muscle is often in-
cluded with the posterior thigh skin and biceps
femoris muscle for advancement into ischial de-
fects.

SEGMENTAL TRANSPOSITION: Because of the short
arc of rotation resulting from the location of
dominant vascular pedicles in the middle of the
muscle belly, a complete release of origin and in-
sertion is required for its use as an advancement
flap.

Origin

DESIGN OF DISTALLY BASED FLAPS: The entire mus-
cle may be shifted inferiorly with preservation of
the inferiorly located minor pedicles.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
Because of the presence of multiple dominant
vascular pedicles, the biceps femoris is not use-
ful for transplantation.

VASCULARIZED BONE: The muscle has fascial at-
tachments to bone, both at its origin and inser-
tion. Therefore elevation of vascularized bone
with this muscle is not possible.

Long head

<—————Short head

Insertion

Fig. 2-41. Dominant pedicle: D, Branch of profunda femoris artery. Minor pedicles:

my, Branches of profunda femoris artery; ms, branches of popliteal artery.
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GLUTEUS MAXIMUS
Vascular anatomy (Figs. 2-42 and 2-43)

Pattern of circulation: Type 111

Dominant vascular pedicle (D)
1. Superior gluteal artery and venae comitantes
REGIONAL SOURCE: Hypogastric artery and
vein
s1ZE: Length: 3 cm
Diameter: 2.5 mm
LOCATION: Deep to muscle origin

2. Inferior gluteal artery (d) and venae comi-
tantes

Origin

REGIONAL SOURCE: Hypogastric artery and
vein
SIZE: Length: 3 cm
Diameter: 2.5 mm
LOCATION: Deep to muscle origin

Minor vascular pedicle (m)
Two to three intermuscular branches of me-
dial circumflex femoral artery and venae com-
itantes
REGIONAL SOURCE: Medial circumflex femoral
artery and veins
S1ZE: Length: 1 cm
Diameter: 0.6 mm
LOCATION: Beneath inferior muscle insertion

Insertion

Fig. 2-42. Dominant vascular pedicles: D;, Superior gluteal artery; D,, inferior glu-
teal artery. Minor vascular pedicle: m, Intermuscular branch of medial femoral cir-

cumflex artery.
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Origin

Insertion

Fig. 2-43. Dominant vascular pedicles: D;, Superior gluteal artery; D, inferior glu-
teal artery. Minor vascular pedicle: m, Intermuscular branch of medial femoral cir-
cumflex artery.
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Clinical application sition of the superior gluteus maximus muscle

ARC OF ROTATION: The entire muscle may be ele- will cover defects of the sacrum. Transposition of

vated based on both dominant vascular pedicles.
Transposition of the muscle as a turnover flap
will cover sacral defects. This flap design is now
rarely used, since the entire muscle is used for
coverage (see segmental transposition).

SKIN TERRITORY: The skin of the entire buttock is

vascularized by musculocutaneous perforating
vessels from the gluteus maximus. A skin island
may be designed over either the superior or in-
ferior muscle belly.

The skin of the posterior thigh is vascularized
by a descending branch of the inferior gluteal ar-
tery. This skin may be elevated as a skin-fascial
flap based on this axial vascular pedicle from the
inferior gluteal artery (Fig. 2-44). Transposition
of this posterior thigh skin will cover defects of
the ischium, trochanter, sacrum, and perineum.

SEGMENTAL TRANSPOSITION: The gluteus maximus
may be split with release of the insertion of ei-
ther the superior or inferior half of the muscle
based on its vascular pedicle. The remaining half
of the muscle is left completely intact. Transpo-

the inferior gluteus maximus muscle will cover
defects of the peroneum and ischium.

DESIGN OF DISTALLY BASED FLAPS: Release of the

inferior half of the origin of the inferior gluteal
muscle and division of its dominant vascular
pedicle allows transposition of muscle to the hip
based on minor vascular pedicles. However, the
donor defect may result in further disability. The
gluteal thigh flap is preferable for hip coverage.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

Either half of the muscle may be transplanted
based on its vascular pedicle. Transplantation of
the superior gluteus maximus muscle is not use-
ful for reconstructive surgery because of the
muscle’s short vascular pedicle and the potential
for donor site disability; the inferior muscle has
been transplanted for breast reconstruction.

VASCULARIZED BONE: Vascular communications be-

tween the muscle origin and periosteum of the
sacrum are not useful for flap design because of
potential donor site disability.
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Fig. 2-44. Gluteal thigh flap. G, Inferior gluteus maximus; P, posterior thigh skin;
D, descending branch of inferior gluteal artery. Arrows denote vessel course.
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SEMIMEMBRANOSUS
Vascular anatomy (Figs. 2-45 and 2-46)

Clinical application
ARC OF ROTATION: The semimembranosus has two

Pattern of circulation: Type 111

Dominant vascular pedicles (D)

1. Two branches from profunda femoris artery
and venae comitantes
REGIONAL SOURCE: Profunda femoris artery
and vein
S1ZE: Length: 2 cm
Diameter: 0.6 mm
LOCATION: Superior one half of muscle

2. Branch of superficial femoral artery and

venae comitantes
REGIONAL SOURCE: Superficial femoral artery
and vein
SIZE: Length: 3 cm
Diameter: 0.6 mm
LOCATION: Distal one third of muscle

<

independent regional sources of circulation. Each
contributes significantly to the vascular supply of
the muscle. Division of the inferior dominant pe-
dicle allows elevation of the distal one half to two
thirds of the muscle. Transposition of the muscle
is possible for coverage of the trochanter, ischium,
sacrum, and perineum. Division of the superior
dominant vascular pedicles allows elevation of the

superior two thirds of the muscle. Transposition of
the muscle is possible for coverage of the distal
thigh and knee.

SKIN TERRITORY: The semimembranosus is located

deep in the posterior medial thigh. It does not
have a useful skin territory for coverage as a
transposition flap. However, the muscle may be
elevated with the gracilis as a combined muscu-
locutaneous flap when muscle bulk is desirable
in the reconstructed defect.

SEGMENTAL TRANSPOSITION: Complete division of

the insertion or origin is required for a useful arc
of rotation.

DESIGN OF DISTALLY BASED FLAPS: With a type III

circulation pattern, an inferior arc of rotation is
possible based on the inferiorly located dominant
pedicle. However, the arc of rotation does not
reach the inferior aspect of the knee, so its
use is rarely practical for coverage of problem
wounds.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

Because of multiple dominant vascular pedicles,
the muscle is not useful for microvascular trans-
plantation.

VASCULARIZED BONE: A fascial origin and insertion

eliminate any potential for transplantation of vas-
cularized bone.
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Origin

Fig. 2-45. Dominant vascular pedicles: D,,
Branch of profunda femoris artery; D, branch of
superficial femoral artery.

Origin

Insertion

Fig. 2-46. Dominant vascular pedicles: D;, Branch of
profunda femoris artery; D,, branch of superficial
femoral artery.

Insertion
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SEMITENDINOSUS

Vascular anatomy (Figs. 2-47 and 2-48)
Pattern of circulation: Type II

Dominant vascular pedicles (D)
Proximal two muscular branches from pro-
funda femoris artery and venae comitantes
REGIONAL SOURCE: Profunda femoris artery
and vein
SIZE: Length: 4 cm
Diameter: 0.8 mm
LOCATION: Proximal one third of muscle

Minor vascular pedicles (m)
One or two vascular pedicles from superficial
femoral artery and venae comitantes
REGIONAL SOURCE: Superficial femoral artery
and vein
SIZE: Length: 2 cm
Diameter: 0.5 mm
LOCATION: Middle one third of muscle

Clinical application

ARC OF ROTATION: The distal two thirds of the
semitendinosus may be elevated with safety
based on the superiorly located dominant vascu-
lar pedicles. Transposition of this muscle is only
occasionally useful as an alternative flap for cov-

erage of the ischium, buttocks, and perineum.
This muscle is located on the medial posterior
thigh and provides musculocutaneous perforat-
ing vessels to this aspect of the thigh. However,
this muscle is rarely elevated primarily as a mus-
culocutaneous flap for coverage of pelvic defects.
The muscle is elevated in conjunction with the
biceps femoris as a musculocutaneous flap for
advancement into ischial defects.

SEGMENTAL TRANSPOSITION: Complete division of
the muscle insertion is required for an adequate
arc of rotation.

DESIGN OF DISTALLY BASED FLAPS: Because of the
location of the minor vascular pedicles in the
middle third of the muscle, a distally based flap
has a short arc of rotation and is rarely useful for
coverage of inferior thigh defects.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
Because of the multiple dominant vascular pedi-
cles, the semitendinosus is not useful for micro-
vascular transplantation.

VASCULARIZED BONE: A fascial origin and insertion
eliminate any potential for transplantation of vas-
cularized bone.
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Origin

Fig. 2-47. Dominant vascular pedicle: D, Branch
of profunda femoris artery. m, Branch of profunda
femoris artery.

Origin

Insertion

Fig. 2-48. Dominant vascular pedicle: D, Branch of
profunda femoris artery. m, Branch of profunda fe-
moris artery.

Insertion
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FLEXOR DIGITORUM LONGUS
Vascular anatomy (Figs. 2-49 and 2-50)

Pattern of circulation: Type IV

Minor vascular pedicle (m)

Ten to twelve segmental muscular arterial

branches and venae comitantes

REGIONAL SOURCE: Posterior tibial artery and
veins

sIZE: Length: 1 to 2 cm

Diameter: 0.6 to 0.8 mm

LOCATION: Entire lateral aspect of muscle

belly

Clinical application

ARC OF ROTATION: The superior or inferior half of
the muscle may be elevated with safety. How-
ever, division of more than four segmental vas-
cular pedicles may jeopardize distal muscle flap
circulation. Transposition of the inferior muscle
will cover small defects of the middle third of the
lower leg. This muscle used in conjunction with
the soleus as transposition flaps will cover large
defects of the middle third of the lower leg.
Transposition of the superior muscle is rarely in-
dicated because of the associated difficult dissec-
tion and availability of other more useful muscles
(e.g., soleus and gastrocnemius).

SKIN TERRITORY: This deep muscle does not con-
tribute musculocutaneous perforators to the skin
of the medial lower leg.

SEGMENTAL TRANSPOSITION: The distal half of the
muscle will separate from the tendon for use as
a transposition flap. The tendon of insertion and
associated vascular communications are left in
continuity with the superior muscle belly.

DESIGN OF DISTALLY BASED FLAPS: Distally based
flaps are not applicable to the flexor digitorum
longus.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
Transplantation of the flexor digitorum longus
requires use of the posterior tibial artery and vein
with its vascular branches to this muscle. Use of
this muscle is rarely indicated because of possi-
ble impairment of muscle circulation to the dis-
tal leg.

VASCULARIZED BONE: The vascular communica-
tions between muscle origin and tibia are noted.
However, excision of bone with this flap may re-
sult in donor site disability.
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Fig. 2-49. Segmental vascular pedicles. Arrows indi- Fig. 2-50. Segmental vascular pedicles. Arrows indi-
cate branches of posterior tibial artery (p). cate branches of posterior tibial artery (p).
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GASTROCNEMIUS
Vascular anatomy (Figs. 2-51 and 2-52)

SKIN TERRITORY: The medial and lateral skin of the
posterior lower leg receives musculocutaneous

Pattern of circulation: Type I

Dominant vascular pedicle (D)—medial gastroc-
nemius
Medial sural artery and venae comitantes
REGIONAL SOURCE: Popliteal artery
sIZE: Length: 4 cm
Diameter: 2 mm
LOCATION: Popliteal fossa

Dominant vascular pedicle (D)—lateral gastrocne-
mius
Lateral sural artery and venae comitantes
REGIONAL SOURCE: Popliteal artery
sIzE: Length: 4 cm
Diameter: 2 mm
LOCATION: Popliteal fossa

Clinical application

ARC OF ROTATION: The entire medial gastrocne-
mius or lateral gastrocnemius may be elevated
on its respective single vascular pedicle. Trans-
position of either head of this muscle is useful
for coverage of defects of the knee and superior
third of the leg.

perforators from the proximal medial and lateral
heads of the gastrocnemius muscle. Based on
these musculocutaneous perforators, either the
medial or lateral skin may be elevated safely
with its respective underlying muscle. Distal
medial or lateral leg skin will survive elevation
as a skin-fascial flap based on proximal muscu-
locutaneous perforating vessels.

SEGMENTAL TRANSPOSITION: Release of the poste-
rior midline raphe allows transposition of either
the medial or lateral gastrocnemius muscle.
Each muscle head is considered independently
with its separate vascular pedicle.

DESIGN OF DISTALLY BASED FLAPS: The absence of
inferiorly located minor pedicles precludes the
use of an inferiorly based muscle flap.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The gastrocnemius has potential usefulness for
microvascular transplantation based on the dom-
inant pedicle for a functional muscle transplan-
tation.

VASCULARIZED BONE: Although vascular communi-
cations are noted between the distal femur and
the heads of the gastrocnemius, use of this bone
may result in impairment of knee function.
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Fig. 2-51. Lateral gastrocnemius: L, Sural artery. Fig. 2-52. Lateral gastrocnemius: L, Sural artery.
Medial gastrocnemius: M, Sural artery. Medial gastrocnemius: M, Sural artery.
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SOLEUS
Vascular anatomy (Figs. 2-53 and 2-54)

Pattern of circulation: Type II

Dominant vascular pedicles (D)
1. Muscular branches of popliteal artery
REGIONAL SOURCE: Popliteal artery
SIZE: Length: 0.5 to 1 cm
Diameter: 0.6 mm
LOCATION: Superior one third of muscle

2. Proximal two branches posterior tibial artery
and venae comitantes
REGIONAL SOURCE: Posterior tibial artery and
vein
SIZE: Length: 1 to 2 cm
Diameter: 0.8 mm
LOCATION: Superior one third of muscle

3. Proximal two branches of peroneal artery and
venae comitantes

Origin

Posterior =
tibial artery

Insertion

REGIONAL SOURCE: Peroneal artery and vein
S1ZE: Length: 1 to 2 cm

Diameter: 0.8 mm
LOCATION: Superior one third of muscle

Minor vascular pedicles (m)

Distal three branches of posterior artery and
venae comitantes
REGIONAL SOURCE: Posterior tibial artery and
veins
SIZE: Length: 0.5 to 1 cm
Diameter: 0.5 mm
LOCATION: Inferior two thirds of muscle along
medial border

Clinical application

ARC OF ROTATION: Elevation of the distal two thirds
of the soleus is reliable based on its dominant
vascular pedicles. Transposition of this muscle

Popliteal artery

Peroneal artery

Fig. 2-53. Dominant vascular pedicles: D;, Branch of popliteal artery; Dy, branch of
posterior tibial artery; Dg, branch of peroneal artery. Minor pedicle: m, Branches of

posterior tibial artery.
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provides coverage of middle third leg defect.
Transposition of the soleus muscle is generally
possible based only on proximal dominant vas-
cular pedicles either from the posterior tibial or
peroneal regional sources.

SKIN TERRITORY: The circulation to the skin of the
medial and lateral leg is primarily derived from
musculocutaneous perforators from the gastroc-
nemius muscle. The soleus muscle is only useful
as a muscle transposition flap. However, the dis-
tal medial and lateral muscle supplies musculo-
cutaneous perforating vessels to adjacent skin.

SEGMENTAL TRANSPOSITION: Middle third leg de-
fects generally require mobilization of the entire
distal aspect of the muscle with division of the
insertion for adequate coverage. Transposition of
the medial or lateral half of the muscle allows
preservation of muscle function.

DESIGN OF DISTALLY BASED FLAPS: Transposition of
the soleus inferiorly for lower leg defects is pos-
sible based on minor pedicles from the posterior

Origin

Insertion

tibial artery and veins. However, proximal mus-
cle will not always survive on the circulation via
minor pedicles. Transposition of the lateral distal
muscle based on the medially located inferior
pedicles is possible for small lateral inferior leg
defects. This technique allows preservation of
medial muscle continuity between origin and in-
sertion.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

Because of multiple dominant pedicles, transpo-
sition of this entire muscle is not possible with-
out impairment of leg circulation and is therefore
not indicated.

VASCULARIZED BONE: Vascular communications be-

tween lateral muscle and the periosteum of the
fibula are present. The lateral soleus with its ma-
jor vascular pedicles from the peroneal artery
may be included with microvascular fibular
transplantation. This muscle may then be used
to add coverage to the site of inset of the vascu-
larized bone graft.

Fig. 2-54. po, Popliteal artery; pe, peroneal artery;
pt, posterior tibial artery; D, dominant vascular pe-
dicle; m, minor vascular pedicle.
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EXTENSOR DIGITORUM LONGUS
Vascular anatomy (Figs. 2-55 and 2-56)

Pattern of circulation: Type IV

Segmental vascular pedicles

Eight to ten segmental muscular arterial
branches and venae comitantes
REGIONAL SOURCE: Anterior tibial artery and
veins
SIZE: Length: 1 to 2 cm
Diameter: 0.6 to 0.8 mm
LOCATION: Medial aspect of entire muscle
belly

Clinical application
ARC OF ROTATION: The superior or inferior half of

the extensor digitorum longus may be elevated
with safety. Transposition of the inferior half of
the muscle will cover defects of the middle third
of the lower lateral leg. However, this portion of
muscle is rarely used for coverage. The transpo-
sition of the superior half of the muscle will
cover defects in the superior part of the distal
third of the lower leg. Elevation of the superior
two thirds of the muscle requires division of six
to eight pedicles with potential loss of the distal
aspect of the muscle. When the muscle survives
this transposition, coverage of the distal third of
the lower leg is possible.

SKIN TERRITORY: The extensor digitorum longus
muscle is only useful as a muscle transposition
flap.

SEGMENTAL TRANSPOSITION: The inferior half of
the muscle may be separated from the tendon
and transposed medially for coverage of small
defects. The continuity of tendon and associated
vascular communications is maintained with the
superior muscle belly.

DESIGN OF DISTALLY BASED FLAPS: Distally based
flaps are not applicable to the extensor digitorum
longus.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
Transplantation of the extensor digitorum longus
requires use of the anterior tibial artery with vas-
cular communications to the muscle. This dis-
section may result in impairment of lower ex-
tremity circulation and is rarely indicated.

VASCULARIZED BONE: Vascular communications be-
tween muscle origin and periosteum of the tibu-
lar and medial condyle of the tibia have no clin-
ical application because of potential donor site
difficulty.
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Fig. 2-55. Segmental pedicles (branches of anterior

tibial artery [a]).

Fig. 2-56. Segmental pedicles (branches of anterior

tibial artery [a)).
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EXTENSOR HALLUCIS LONGUS

Vascular anatomy (Figs. 2-57 and 2-58)
Pattern of circulation: Type IV

Minor vascular pedicle (m)
Six to eight segmental arterial muscular
branches and venae comitantes
REGIONAL SOURCE: Anterior tibial artery and
veins
SIZE: Length: 1 to 2 cm
Diameter: 0.5 to 0.8 mm
LOCATION: Along entire muscle belly

Clinical application

ARC OF ROTATION: The distal or proximal half of the
extensor hallucis longus may be elevated with
safety. Division of more than three segmental
vascular pedicles may result in distal flap necro-
sis. The inferior muscle is very narrow and is not
useful to cover lower third leg defects. Transpo-
sition of the proximal muscle based on inferior
segmental vascular pedicles will cover defects in
the distal third of the leg. Usually this muscle is
transposed inferiorly in conjunction with the ex-
tensor digitorum longus to provide adequate flap
to cover the defect.

SKIN TERRITORY: The extensor hallucis longus is
only useful as a muscle transposition flap.

SEGMENTAL TRANSPOSITION: The inferior half of
the muscle may be separated from the tendon
and transposed medially for coverage of small
defects.

DESIGN OF DISTALLY BASED FLAP: Distally based
flaps are not applicable to the extensor hallucis
longus.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
Transplantation of the extensor hallucis longus
would require use of the anterior tibial artery and
vein with its vascular branches to this muscle.
Thus use of this muscle for transplantation for
functional reconstruction is rarely indicated.

VASCULARIZED BONE: Although there are vascular
communications between origin and periosteum
of the fibula, clinical use of vascularized bone
with the extensor hallucis longus is rarely prac-
tical.
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Fig. 2-57. Segmental vascular pedicles (arrows). Fig. 2-58. Segmental vascular pedicles (arrows).
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PERONEUS LONGUS
Vascular anatomy (Figs. 2-59 and 2-60)

Pattern of circulation: Type II

Dominant vascular pedicle (D)
Muscular branch of peroneal artery and venae
comitantes
REGIONAL SOURCE: Peroneal artery and veins
SIZE: Length: 3 cm
Diameter: 1 mm
LOCATION: Superior one third of muscle

Minor vascular pedicle (m)
Muscular branch of anterior tibial artery and
vernae comitantes
REGIONAL SOURCE: Anterior tibial artery and
vein
SIZE: Length: 2 cm
Diameter: 0.5 mm
LOCATION: Distal two thirds of muscle

Clinical application

ARC OF ROTATION: Elevation of the peroneus longus
is possible based on the proximal dominant vas-
cular pedicle. Transposition of the distal two
thirds of this muscle provides partial coverage of
defects located on the middle third of the lateral
leg.

SKIN TERRITORY: Only a small segment of lateral
leg skin may be transposed with the peroneus
longus. Since the donor defect results in exposed
fibula, a musculocutaneous flap is not recom-
mended.

SEGMENTAL TRANSPOSITION: The insertion of the
peroneus longus must be completely divided to
achieve an adequate length for useful transposi-
tiomn.

DESIGN OF DISTALLY BASED FLAPS: The superior lo-
cation of the minor pedicle does not allow an ad-
equate inferior arc of rotation for a useful distally
based flap.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The peroneus longus has potential usefulness for
microvascular transplantation based on its dom-
inant vascular pedicle for functional muscle
transplantation.

VASCULARIZED BONE: Vascular communications to
the fibular periosteum allow inclusion of fibula
with transposition or transplantation flap. (Inclu-
sion of the peroneal nutrient artery to the fibula
is routinely performed with the peroneus longus
for muscle-vascularized bone transplantation.)
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Fig. 2-59. Dominant vascular pedicle: D, Branch of Fig. 2-60. Dominant vascular pedicle: D, Branch of
peroneal artery. Minor vascular pedicle: m, Branch peroneal artery. Minor vascular pedicle: m, Branch

of anterior tibial artery. of anterior tibial artery.
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TIBIALIS ANTERIOR
Vascular anatomy (Figs. 2-61 and 2-62)

Pattern of circulation: Type IV

Minor vascular pedicle (m)
Eight to twelve muscular arterial branches of
anterior tibial artery and venae comitantes
REGIONAL SOURCE: Anterior tibial artery and
veins
SIZE: Length: 1 to 2 cm
Diameter: 0.6 to 0.8 mm
LOCATION: Lateral deep aspect of muscle

Clinical application

ARC OF ROTATION: The inferior one half or superior
one third of the muscle may be elevated with
safety. After division of five or six vascular pedi-
cles, the distal muscle may not survive as a
transposition flap. Transposition of the inferior
muscle will cover small defects of the middle and
proximal thirds of the anterior lower leg. Eleva-
tion of the muscle origin requires a difficult dis-
section and is not useful as a transposition flap
for proximal tibia coverage.

SKIN TERRITORY: The anterior lateral skin of the
lower leg receives musculocutaneous perforating
vessels from the tibialis anterior muscle. Trans-
position of this muscle with its skin is likely to
result in an unacceptable donor defect.

SEGMENTAL TRANSPOSITION: The muscle is sepa-
rated from the tendon of insertion in the distal
third of the leg. The tibialis anterior is trans-
posed to cover small defects of the lower leg.
Both vascular connections and tendon continuity
are maintained with muscle belly.

DESIGN OF DISTALLY BASED FLAPS: Distally based
flaps are not applicable to the tibialis anterior.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The tibialis anterior has no clinical application
for microvascular transplantation because of
multiple segmental vascular pedicles.

VASCULARIZED BONE: The vascular communica-
tions between the tibial condyle and muscle ori-
gin have no clinical application because of po-
tential for donor site disability.
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Fig. 2-61. Segmental vascular pedicles (arrows). Fig. 2-62. Segmental vascular pedicles (arrows).

87



88 PRINCIPLES

ABDUCTOR DIGITI MINIMI
Vascular anatomy (Figs. 2-63 and 2-64)

Pattern of circulation: Type Il

Dominant vascular pedicles (D)
Two muscular branches of the lateral plantar
artery and venae comitantes
REGIONAL SOURCE: Posterior tibial artery and
vein
SIZE: Length: 2 cm
Diameter: 0.6 mm
LOCATION: Superior one third of muscle

Minor vascular pedicles (m)
Two to three muscular branches of the lateral
plantar artery and venae comitantes
REGIONAL SOURCE: Posterior tibial artery and
vein
S1ZE: Length: 1 cm
Diameter: 0.5 mm
LOCATION: Inferior two thirds of muscle

Clinical application

ARC OF ROTATION: The inferior two thirds of the ab-
ductor digiti minimi may be elevated based on
the dominant vascular pedicles. Since the mus-
cle is very small, transposition of the inferior
muscle will only cover small adjacent defects.
The entire muscle may be elevated on the lateral
plantar artery and vein. Transposition of the en-
tire muscle will cover defects adjacent to the lat-
eral malleolus.

SKIN TERRITORY: The lateral plantar skin of the foot
receives musculocutaneous perforating vessels
from the abductor digiti minimi. This skin may
be elevated with the muscle as a transposition
flap.

SEGMENTAL TRANSPOSITION: Release of muscle in-
sertion is required to achieve adequate arc of ro-
tation to reach posterior foot defects.

DESIGN OF DISTALLY BASED FLAPS: With release of
muscle origin and division of the proximal lateral
plantar artery, the muscle may be transposed in-
feriorly for small plantar defects.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The abductor digiti minimi may be transplanted
based on the lateral plantar artery and veins.

VASCULARIZED BONE: Vascular communications be-
tween the muscle origin and periosteum of the
calcaneus are noted. However, excision of cal-
caneus with this muscle may result in donor site
disability.
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Fig. 2-63. Dominant vascular pedicle: D, Branch of
lateral plantar artery (p). Minor vascular pedicle: m,
Branch of lateral plantar artery (p).

Insertion

Fig. 2-64. Dominant vascular pedicle: D, Branch of
lateral plantar artery (p). Minor vascular pedicle: m,
Branches of lateral plantar artery (p).
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ABDUCTOR HALLUCIS
Vascular anatomy (Figs. 2-65 and 2-66)

Pattern of circulation: Type II

Dominant vascular pedicles (D)

Two branches of the medial plantar artery
and venae comitantes
REGIONAL SOURCE: Posterior tibial artery and
vein
sIZE: Length: 2 cm
Diameter: 0.6 mm
LOCATION: Superior one third of muscle

Minor vascular pedicles (m)

Two to three branches of medial plantar ar-
tery and venae comitantes
REGIONAL SOURCE: Posterior tibial artery and
vein
SIZE: Length: 1 to 2 cm
Diameter: 0.5 mm
LOCATION: Inferior two thirds of muscle

Clinical application

ARC OF ROTATION: Elevation of the inferior two

thirds of the abductor hallucis is possible based
on the dominant vascular pedicles. Transposition
of this portion of the muscle covers defects over
the medial malleolus. The entire muscle may be
elevated based on the medial plantar artery and
vein. Arc of rotation is further increased by divi-
sion of the lateral plantar artery proximally at its

junction with the medial plantar artery. Trans-
position of the entire muscle will cover defects
over the medial malleolus and heel. However,
this dissection may adversely affect foot circula-
tion.

SKIN TERRITORY: The medial plantar skin receives

musculocutaneous perforating vessels from the
muscle. This skin may be included with this
muscle as a transposition flap.

SEGMENTAL TRANSPOSITION: The insertion of the

abductor hallucis must be divided to achieve an
adequate arc of rotation for posterior foot defects.
However, the skin overlying the muscle may be
advanced distally for defects over the first meta-
tarsal phalangeal joint by release of only the
plantar fascia.

DESIGN OF DISTALLY BASED FLAPS: The division of

the muscle origin and proximal medial plantar
artery and veins allows distal transposition of the
abductor hallucis.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

The abductor hallucis may be transplanted based
on the medial plantar artery and vein.

VASCULARIZED BONE: Vascular communications be-

tween the muscle’s origin and the periosteum of
the calcaneus are noted. However, the donor de-
fect may result in donor site disability.
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Fig. 2-65. Dominant vascular pedicle: D, Branches
of medial plantar artery (p). Minor vascular pedicle:
m, Branch of medial plantar artery (p).

Insertion

Fig. 2-66. Dominant vascular pedicle: D, Branches
of medial plantar artery (p). Minor vascular pedicle:
m, Branches of medial plantar artery (p).

Insertion
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FLEXOR DIGITORUM BREVIS
Vascular anatomy (Figs. 2-67 to 2-69)

Pattern of circulation: Type II

Dominant vascular pedicles (D)
1. Proximal two branches of medial plantar ar-
tery and venae comitantes
REGIONAL SOURCE: Posterior tibial artery and
vein
s1zE: Length: 1 to 2 cm
Diameter: 0.6 mm
LOCATION: Medial proximal muscle adjacent
to origin at calcaneus

2. Proximal branch of lateral plantar artery and
venae comitantes
REGIONAL SOURCE: Posterior tibial artery and
veins
SIZE: Length: 1 to 2 cm
Diameter: 0.6 mm
LOCATION: Lateral superior one third of
muscle

Minor vascular pedicles (m)

1. Two to three muscular branches of medial
plantar artery and venae comitantes
REGIONAL SOURCE: Posterior tibial artery and

vein

size: Length: 1 cm
Diameter: 0.5 mm
LOCATION: Medial aspect of muscle belly

2. Two muscular branches of lateral plantar ar-
tery and venae comitantes
REGIONAL SOURCE: Posterior tibial artery and
vein
SIZE: Length: 1 cm
Diameter: 0.5 mm
LOCATION: Lateral aspect of muscle belly

Clinical application

ARC OF ROTATION: Elevation of the inferior two
thirds of the flexor digitorum brevis is possible
based on its dominant vascular pedicles. Trans-
position of the muscle as a turnover flap allows
coverage of the calcaneus. The entire muscle
may be elevated based on the lateral plantar ar-
tery. With division of the distal lateral plantar ar-
tery and muscle origin and insertion, the muscle
will reach the medial ankle. However, foot cir-
culation may be adversely impaired by this ex-
tensive dissection.

Fig. 2-67. pt, Posterior tibial artery; Ip, lateral plantar artery; mp, medial plantar
artery; a, abductor hallucis; b, flexor digitorum brevis; ¢, abductor digiti minimi.
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SKIN TERRITORY: The central plantar skin receives
musculocutaneous perforating vessels from the
flexor digitorum brevis. This skin may be in-
cluded with the muscle as a transposition flap if
both origin and insertion are divided to achieve
an adequate arc of rotation to cover heel and me-
dial ankle defects.

SEGMENTAL TRANSPOSITION: Complete division of
the insertion is required to use the flexor digito-
rum brevis as a turnover flap. However, the pos-
terior plantar skin may be advanced posteriorly
based on axial cutaneous and musculocutaneous
perforating vessels from the medial plantar and
posterior tibial vessels, with division of only the
plantar fascia overlying this muscle.

Origin

Insertion

Fig. 2-68. Dominant vascular pedicles: D;, Branches
of medial plantar artery (p); Dy, branch of lateral
plantar artery. Minor vascular pedicles: my,
Branches of medial plantar artery; mg, branches of
lateral plantar artery.

DESIGN OF DISTALLY BASED FLAPS: The muscle may
be transposed over the distal posterior foot by re-
lease of the muscle origin and division of the me-
dial plantar artery and vein at its junction with
the lateral plantar vessel.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The muscle may be transplanted by microvascu-
lar techniques based on the lateral plantar artery
and vein. However, excision of this specialized
skin from the foot is rarely indicated.

VASCULARIZED BONE: Vascular communications be-
tween the muscle origin and the periosteum of
the calcaneus are noted. Removal of this bone
with this muscle may result in donor site dis-
ability.

Origin

Insertion

Fig. 2-69. Dominant vascular pedicles: D;, Branches
of medial plantar artery (p); Do, branch of lateral
plantar artery. Minor vascular pedicles: my,
Branches of medial plantar artery; my, branches of
lateral plantar artery.
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ANNOTATED BIBLIOGRAPHY

1

Campbell, J., and Pennefather, C.: An investigation into
the blood supply of muscles with special reference to
war surgery, Lancet 1:294, 1919.

A description of the vascular anatomy of muscles is
based on radiographic study of human muscles to assist
surgeons in the management of war injuries. A knowl-
edge of the distribution and arrangement of the arterial
supply in muscles provides necessary information con-
cerning the potential for survival after débridement of
injured muscles.

. Clark, W.E.L., and Blomfield, L.B.: The efficiency of in-

tramuscular anastomoses, with observations on the re-
generation of devascularized muscle, J. Anat. 79:15,
1945.

An experimental study of the vascularization of mus-
cular tissue in rabbits is based on interruption of exter-
nal and internal vascular anatomy. The variability in
efficiency of intramuscular anastomosis is demon-
strated based on the pattern of external and internal

vascular anatomy. The practical importance of a knowl-
edge of intramuscular vascular patterns in human mus-
cles is emphasized.

. Mathes, S., McCraw, J., and Vasconez, L.: Muscle

transposition flaps for coverage of lower extremity de-
fects: anatomical considerations, Surg. Clin. North Am.
54:1337, 1974.

The principles of muscle flap transposition are pre-
sented, emphasizing the vascular anatomy of the mus-
cle as the major factor determining both arc of rotation
and successful transposition of muscles for lower leg
coverage. The use of the latex injection technique is pre-
sented for study of vascular anatomy of muscles.

. Mathes, S., and Nahai, F.: Clinical atlas of muscle and

musculocutaneous flaps, St. Louis, 1979, The C.V.
Mosby Co.

This text includes five sections that concentrate on the
pertinent anatomy and techniques for use of muscle
flaps. The importance of an accurate knowledge of mus-
cle vascular anatomy is emphasized.



MUSCULOCUTANEOUS PERFORATORS

Foad Nahai ® Stephen J. Mathes

The vascular supply of the skin is based on direct
cutaneous arteries and musculocutaneous perfora-
tors. Musculocutaneous flaps and random flaps are
based on musculocutaneous arteries, whereas axial
flaps are based on the direct cutaneous arteries. Di-
rect cutaneous vessels predominate in the face and
around the limb girdles, joints, digits, and genitalia.
The rest of the skin is vascularized through the un-
derlying muscles.

Through dissection of injected cadaver specimens,

the precise blood supply to muscle has been de-
scribed. The same techniques have been applied to
demonstrate the musculocutaneous perforators. The
number, size, and location of the perforators are now
known, and these data, when correlated with clinical
experience, allow accurate prediction of cutaneous
territories of superficial muscles. Each superficial
muscle will supply the skin lying directly over it, and
this skin territory may be safely extended 3 to 4 cm
beyond the borders of the underlying muscle. The
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extent of this skin territory is not affected by previous
incisions in the overlying skin, provided the skin and
muscle are not separated at the time of elevation.
The intramuscular arteries run parallel to the mus-
cle fibers and send perforating branches between
muscle fibers into the overlying skin (Fig. 3-1). In
general, these perforators are found only between
muscle fibers and the overlying skin. There are no
perforators between tendon or fascia into the overly-
ing skin. The TFL and gastrocnemius are excellent

examples. These muscles carry the skin over the fas-
cia lata and Achilles tendon, respectively, through
perforating vessels that enter the skin directly over
the muscle fibers and not through the fascia lata or
Achilles tendon (Fig. 3-2). Similarly, musculocuta-
neous perforators, nutrient vessels into bone from
muscle origin or insertion, are only present when ac-
tual muscle fibers come into contact with bone, but
not through tendon or fascial connections.

The actual pattern of blood supply to the underly-

Fig. 3-1. Intramuscular arteries ond perforating branches into overlying skin.
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Fig. 3-2. Intramuscular arteries into medial head of gastrocnemius. Perforating ves-
sels extend distally, supplying skin over Achilles tendon.



ing muscle must be taken into account when dis-
cussing the overlying skin island. In general, the type
I blood supply will support all the overlying skin of a
muscle unit. With the type II blood supply the prox-
imal area of skin or that area over the dominant pedi-
cle is far more reliable than the skin territory over the
distal pedicles. With the type III blood supply each
half of the muscle can be elevated separately with
the overlying skin. The type IV has limited useful-
ness as a musculocutaneous flap, because each of
the segmented pedicles carries a segmental area of
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the overlying skin. The type V is most useful, be-
cause skin islands can be based on both the proximal
dominant and the secondary segmental blood supply
to the muscle. There is considerable overlap in the
skin territory of muscle flaps so that skin directly over
one muscle may be elevated on the perforators
through an adjacent muscle. For example, the skin
over the lateral portion of the rectus femoris may be
elevated on the TFL, and the skin of the lateral ab-
dominal wall may be elevated either on the underly-
ing external oblique or the rectus abdominis muscles.
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Fig. 3-3. Blood supply of skin. Shaded areas supplied predominantly through direct
cutaneous vessels. Unshaded areas supplied predominantly through musculocuta-

neous perforators.
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Similarly, there is considerable overlap in the blood
supply of the skin through musculocutaneous perfo-
rators and direct cutaneous muscles. Therefore the
same island of skin may be elevated in some areas
either on the musculocutaneous perforators or direct
cutaneous vessels. For example, the skin of the lower
abdomen between the umbilicus and the groin may
be elevated on the superficial inferior epigastric ar-
tery as an axial flap or on the underlying rectus ab-
dominis muscle as a musculocutaneous flap. In de-
signing and elevating flaps, these factors should be
taken into account (Fig. 3-3).

OVERVIEW OF CUTANEOUS BLOOD
SUPPLY BY REGIONS
Head and neck

Scalp. The scalp is well vascularized through di-
rect cutaneous vessels that are branches of the su-
pratrochlear, superficial temporal, posterior auricular,
and occipital arteries.

Face. The face is vascularized through direct
cutaneous arteries and musculocutaneous vessels
through the facial muscles. Direct cutaneous
branches of the facial, superficial temporal, and su-
pratrochlear arteries dominate in this region.

Neck. The blood supply to the skin of the neck is
predominantly through the musculocutaneous arter-
ies. Around the ear direct cutaneous vessel branches
of the occipital and posterior auricular arteries supply
the upper lateral neck skin. Anteriorly the musculo-
cutaneous perforators are based on the platysma, lat-
erally on the sternocleidomastoid, and posteriorly on
the trapezius. The supraclavicular skin is supplied by
perforators through the trapezius and direct cuta-
neous vessels, branches of the transverse cervical ar-

tery.

Anterior trunk

The anterior trunk, extending from the clavicle
down to the inguinal ligament, is supplied predomi-
nantly through musculocutaneous perforators. A
continuous row of paramedian musculocutaneous
perforators is seen extending from the first intercos-
tal space down to the symphysis pubis. There are
segmental vessels through the pectoralis major su-
periorly and the rectus abdominis inferiorly. These
are relatively large perforators measuring up to 0.7
mm in diameter and emerge through the muscle 2 to
3 cm laterally to the midline. These vessels are based
on the deep epigastric arcade, which is formed by the
anastomosis between the internal mammary artery
and its continuation as the superior epigastric artery
and the deep inferior epigastric artery.

Laterally the skin is supplied superiorly by perfora-
tors through the pectoralis major and serratus ante-
rior and a direct cutaneous vessel, a branch of the
lateral thoracic artery. Below the costal margin seg-
mental perforating branches of the intercostal arter-
ies through the external oblique muscle supply the
overlying skin.

In the lower abdomen the superficial inferior epi-
gastric artery, a 1 to 1.5 mm branch of the femoral
artery, directly supplies the skin of the lower abdo-
men up to the umbilicus. The superficial circumflex
iliac artery, another 1 to 1.5 mm branch of the fem-
oral artery, supplies the skin overlying the inguinal
ligament and iliac crest.

Posterior trunk

The posterior trunk extends from the neck down to
the ischium. The blood supply to this region is pre-
dominantly through musculocutaneous perforators. A
row of segmental perforators 2 to 3 cm from the mid-
line extends from the level of the first thoracic ver-
tebra down to the upper border of the gluteus maxi-
mus muscle. These are segmental perforating
branches of the intercostal and lumbar arteries
through the trapezius and latissimus dorsi muscles.
Laterally musculocutaneous perforators are seen
through the trapezius, latissimus dorsi, external
oblique, and gluteus maximus muscles. Direct cuta-
neous branches of the subscapular artery are distrib-
uted to the skin around the shoulder posteriorly and
laterally.

Lower extremity

Anterior thigh. The anterior thigh is supplied
through direct cutaneous arteries and musculocuta-
neous perforators. Proximally in the inguinal region
and distally around the knee direct cutaneous vessels
predominate. The superficial iliac circumflex, super-
ficial external pudendal, and branches of the deep
external pudendal arteries are distributed to the skin
around the hip and genitalia, whereas branches of
the geniculate arteries are distributed to the skin
around the knee. Musculocutaneous perforators
through the TFL, sartorius, rectus femoris, vastus
medialis, and gracilis are distributed to the skin be-
tween the hip and knee anteriorly.

Posterior thigh. The posterior thigh is supplied by
direct cutaneous arteries proximally around the hip
and distally around the knee region. In between
there are perforators through the hamstring muscles
predominantly through the biceps femoris with a few
perforators through the semimembranosus and sem-
itendinosus. The inferior gluteal artery continues dis-
tal to the lower border of the inferior gluteus maxi-



mus muscle becomes a direct cutaneous vessel to the
posterior thigh and is the basis of the inferior gluteal
thigh flap.

Leg. The skin of the knee region is supplied
through direct cutanecus branches of the anasto-
motic network of geniculate vessels. The skin of the
ankle region is similarly supplied through an anasto-
motic network of vessels between the calcaneal and
malleolar vessels. The area of skin between the knee
and the ankle is supplied predominantly by muscu-
locutaneous perforators, anteriorly through the tibi-
alis anterior and peroneus longus and posteriorly
through the lateral and medial gastrocnemius mus-
cle.

Foot. The heel area is supplied through direct cu-
taneous branches of the calcaneal vessels, and the
toes are supplied through the digital vessels. The dor-
sum of the foot is supplied by the dorsalis pedis ar-
tery. The rest of the sole of the foot is supplied
through the calcaneal vessels and musculocutaneous
perforators through the abductor hallucis, flexor dig-
itorum brevis, and abductor digiti minimi muscles.

Upper extremity

The vascular supply to the shoulder girdle region
is through direct cutaneous vessels that are branches
of the subscapular, acromiothoracic trunk, and lateral
thoracic arteries. Around the elbow there is a net-
work of anastomotic vessels between branches of the
brachial artery and branches of the radial and ulna
arteries. Direct cutaneous branches from these
vessels supply the skin around the elbow. The
area of skin between the shoulder and elbow is pre-
dominantly supplied by musculocutaneous arteries
through the biceps anteriorly and triceps posteriorly.
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The skin between the elbow and hand is similarly
supplied by direct vessels and perforators through the
underlying muscles. Both the dorsum of the hand
and the digits are supplied through direct vessels. On
the palmar surface of the hand perforating vessels
are seen between the thenar and hypothenar muscles
and the overlying skin.

SPECIFIC MUSCULOCUTANEOUS
PERFORATORS

The perforating musculocutaneous vessels for each
of the flaps will now be described. This description is
based on clinical experience and dissections of in-
jected cadaver specimens. The skin overlying the in-
jected muscle has been dissected off, and the site of
each musculocutaneous perforator has been labeled
with a small, black head.

In addition to musculocutaneous perforating ves-
sels the sensory innervation of the skin territory of
most of the flaps is described. Some musculocuta-
neous flaps may be elevated and transposed as neu-
rosensory flaps (e.g., TFL and rectus femoris). The
skin of these flaps is usually innervated by a single
nerve, which lies close to the major vascular pedicle
of the flap. Preservation of the continuity of this sen-
sory nerve to the flap allows flap transposition as a
neurosensory flap. However, in other flaps (e.g., latis-
simus dorsi and pectoralis major) the skin territory is
innervated segmentally, and the sensory nerves do
not enter the skin territory in proximity to the domi-
nant vascular pedicle; therefore the sensory nerves
are divided to allow the normal arc of rotation of the
flap. These flaps have little potential for transposition
as neurosensory flaps.
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Platysma (Fig. 3-4)

The total skin territory of the platysma located be-
tween the midline and the medial border of the ster-
nocleidomastoid laterally and the mandible superiorly
to the clavicle inferiorly measures approximately 10
x 15 cm. The perforating vessels are small, less than
0.5 mm in diameter, and are distributed evenly
throughout this area.

Fig. 3-4
A, Perforating musculocutaneous arteries through platysma into overlying skin.
B, Outline of platysma muscle. )
C, Design of skin island for standard platysma musculocutaneous flap.
D, Design of skin island for distally based platysma flap.

Clinically, small 4 x 6 cm islands of skin are ele-
vated with the platysma, and this may be safely de-
signed anywhere on the muscle, provided the island
is large enough to include one or two of the perforat-
ing vessels.



Sternocleidomastoid (Fig. 3-5)

The total skin territory of the sternocleidomastoid
measures 6 X 20 cm. This includes the skin overly-
ing the muscle and extending 2 to 3 cm beyond the
margins of the muscle. The perforating vessels are
small, 0.5 mm in diameter, and are distributed
throughout this area. However, there is a greater
number of perforators proximally over the upper third
of the muscle. These perforators are generally larger

=
Fig. 3-5
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in size than the distal perforators. Based on these
perforators the distal skin territory can be separated
from the underlying muscle and transposed as a skin
flap.

For clinical purposes the skin island can be based
over the entire muscle, the proximal portion, or the
distal portion. Distally the platysma is elevated with
the sternocleidomastoid as the perforators pass
through the platysma to the overlying skin.

- .
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A, Perforating musculocutaneous arteries through sternocleidomastoid into overly-

ing skin.

B, Outline of sternocleidomastoid muscle.

C, Design of standard musculocutaneous flap.
D, Design of skin island for sternocleidomastoid musculocutaneous flap.
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Pectoralis major (Fig. 3-6)

The total skin territory of the pectoralis major is 20
x 28 cm. This includes all the overlying skin and 3
to 4 cm beyond the muscle origin. The pectoralis ma-

jor has a type V bleod supply and a constant set of

perforating arteries, measuring in size up to 1 mm in
diameter, based on the secondary segmental pedicles.
These are seen medially, 2 to 3 cm from the midline.
There is a perforating artery in ecach intercostal
space. The vessel in the third interspace is usually
larger than the 1est, The deltopectoral flap is based
on these perforating musculocutaneous arteries. The
remainder of the perforating vessels are smaller in
size and are distributed over the entire muscle with

Fig. 3-6
A, Perforating musculocutaneous arterics through pectoralis major into over-
lying skin.

more vessels over the lower part of the muscle than
the upper portion.

For clinical purposes the entire skin territory is
rarely used. Islands of skin of various sizes are based
on the muscle. Particularly reliable is the distal island
of skin over the inframammary area, because the per-
forators are more numerous in this area. This island
of skin also has a much more acceptable donor de-
fect. The skin territory is innervated by segmental in-
tercostal nerves T2 to T6 and superiorly by the cer-
vical nerves. However, this flap is not elevated as a
neurosensory flap, because the nerves must be di-
vided for flap elevation.
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Fig. 3-6, cont’d

B and C, Outline of pectoralis major muscle.

D, Design of skin island. Standard pectoralis major musculocutaneous flap
transposition for neck and oral cavity coverage.

E, Design of skin island pectoralis major musculocutaneous flap for intraoral
coverage. NOTE: Donor defect closure located at inframammary line.
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Trapezius (Fig. 3-7)

The skin territory of the trapezius measures 34 X
18 cm and includes all the skin overlying the muscle
and several centimeters beyond, superiorly along the
lateral border across to the shoulder and inferiorly be-
low the lower border of the muscle. The musculocu-
taneous perforating arteries measure between 0.5
and 1 mm in diameter and are distributed all over the
muscle. There is, however, a constant row of perfora-
tors medially, 2 to 3 cm from the midline. These ves-
sels are usually the larger perforators.

The clinically useful islands of skin, based on the
trapezius, are the anterior flap across the shoulder
and the posterior island, 8 x 20 cm, based on the
lower part of the muscle.

The skin territory of the trapezius is innervated an-
teriorly by the cervical nerves and posteriorly by the
intercostal nerves. The flap is not a neurosensory
flap, because the nerves must be divided for flap el-
evation; therefore this flap has little potential as a
neurosensory flap.

Fig. 3-7

A, Perforating musculocutaneous arteries through trapezius into overlying skin.
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Fig. 3-7, cont’d

B, Outline of trapezius muscle.

C, Design of skin island for posterior trapezius musculocutaneous flap.
D, Design of skin island for anterior trapezius musculocutaneous flap.
E, Design of distally based trapezius musculocutaneous flap.
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Fig. 3-8
A, Perforating musculocutaneous arteries through latissimus dorsi into overlying

skin.
B and C, Outline of latissimus dorsi.



Latissimus dorsi (Fig. 3-8)

The skin territory of the latissimus dorsi measures
approximately 30 x 40 cm and includes all the skin
overlying the muscle and 4 to 5 cm beyond the mar-
gins of the muscle. There are two rows of perforators
posteriorly approximately 2 to 3 cm and 4 to 5 cm
from the midline. These perforators are larger, mea-
suring up to 1 mm in diameter. This muscle has a
type V blood supply, and the most medial row of per-
forators posteriorly is based on the segmental second-
ary pedicles of the muscle with the perforator corre-
sponding to each vertebral level. The rest of the per-

\
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forators are distributed all over the muscle with a
constant row of perforators along the anterior free
border of the muscle.

Clinically skin islands may be designed anywhere
on the latissimus dorsi, depending on the reconstruc-
tive needs.

The skin territory of the latissimus dorsi is inner-
vated segmentally by branches of the intercostal
nerve T2 to T6, which have to be divided for flap el-
evation. Therefore the flap has little potential as a
neurosensory flap.

R =

Fig. 3-8, cont'd

D, Design of anterior skin island of
latissimus dorsi for reconstruction
of modified radical mastectomy or
subcutaneous mastectomy defects.

E and F, Design of skin island. Latis-
simus dorsi musculocutaneous flap
for breast reconstruction after rad-
ical mastectomy. NOTE: Muscle be-
low skin island transposes to ante-
rior superior chest, which is site of
missing pectoralis major muscle.

G and H, Design of skin island for
transposition for modified radical
mastectomy defect. Muscle be-
neath skin island replaces dener-
vated inferior pectoralis major
muscle fibers.

Continued.
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Rectus abdominis (Fig. 3-9)

The skin territory of the rectus abdominis mea-
sures approximately 20 x 20 cm. This muscle sup-
plies not only the entire skin over the muscle but also
the skin of the abdominal wall as far as the anterior
axillary line (thoracoepigastric flap).

The musculocutaneous perforating arteries are dis-
tributed over the muscle, but a continuous row of
large, 1 mm in diameter, perforators is located medi-
ally 2 to 3 cm from the midline. These perforators are
the basis of the thoracoepigastric flap and part of a
continuous row of perforators through the pectoralis
major and rectus abdominis, extending from the
clavicle to the pubis (Fig. 3-10).

Clinically the useful skin island over the rectus ab-
dominis measures 10 x 14 cm. This skin island is
located at any level of muscle and may include a ran-

Fig. 3-9

dom extension either across the midline or laterally,
depending on reconstructive requirements. This
muscle has a type III blood supply with an artery su-
periorly and inferiorly. If the flap is based on the su-
perior epigastric pedicle, the island is placed verti-
cally over the mid muscle or transversely over either
the inferior or superior muscle. If it is based on the
inferior epigastric pedicle, the island is generally
placed over the inferior two thirds of the muscle.

The skin territory of the rectus abdominis is inner-
vated segmentally by branches of the intercostal
nerves T6 to T12, which are divided for flap eleva-
tion. Therefore the flap has little potential as a neu-
rosensory flap, although this same area of skin based
on the intercostal arteries is elevated as a neurosen-
sory intercostal flap.

A, Perforating musculocutaneous arteries through rectus abdominis into overlying

skin.
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Fig. 3-9, cont’d

B, Outline of rectus abdominis.

C, Design of standard superior-based rectus abdominis musculocutaneous flap.
D, Design of skin island rectus abdominis musculocutaneous flap.

E, Design of standard inferior-based rectus abdominis musculocutaneous flap.

Continued.
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Fig. 3-9, cont’d
F, Design of upper transverse island rectus abdominis musculocutaneous flap.
G, Design of lower transverse island rectus abdominis musculocutaneous flap.
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Thoracoepigastric flap (Fig. 3-11)

The thoracoepigastric flap is a skin flap measuring
8 X 15 cm, based on the medial row of perforating
musculocutaneous arteries through the rectus ab-
dominis. The base of the flap is 2 to 3 ¢cm from the

Fig. 3-11
A, Perforating musculocutaneous arteries through rectus abdominis into overlying
skin (thoracoepigastric flap).

B, Outline of thoracoepigastric flap.
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midline, and it extends laterally to the anterior axil-
lary line.

Sensory nerves to this flap are segmental and
therefore divided during flap elevation. Therefore the
flap has little potential as a neurosensory flap.
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External oblique (Fig. 3-12)

The skin territory of the external oblique includes
the overlying skin and 2 to 3 cm beyond the muscle
margin. The area measures approximately 28 x 15
cm and includes the skin between the anterolateral
border of the latissimus dorsi laterally and the rectus
abdominis medially.

The musculocutaneous perforators are small, 0.5
mm in diameter, and are distributed evenly over the
muscle.

Fig. 3-12

A, Perforating musculocutaneous arteries through external oblique into overlying
skin.

B, Outline of external oblique.

The useful skin territory of the external oblique in-
cludes all the overlying skin that is usually trans-
posed as a unit with the muscle for abdominal wall
coverage.

The skin overlying the external oblique is inner-
vated segmentally by branches of the intercostal
nerves TS to T12. Because this flap is usually ad-
vanced superiorly, sensory innervation of the skin
area is preserved.

R S R
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Fig. 3-12, cont’d
C, Standard design of external obligue musculocutaneous flap.
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Gluteus maximus (Fig. 3-13)

The skin territory of the gluteus maximus mea-
sures approximately 24 x 24 c¢m and includes all the
skin overlying the muscle and 2 to 3 cm beyond. Be-
cause this muscle has a type III blood supply, each
half of the muscle will support half of the skin terri-

tory.
The musculocutaneous perforators are distributed

. o wm — ey
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Fig. 3-13

evenly over the muscle into the skin territory. The
perforators measure between 0.5 and 1 mm in diam-
eter. The continuous line of medial perforators, 2 to
3 cm from the midline through the trapezius and la-
tissimus dorsi is not seen through the gluteus maxi-
mus (Fig. 3-16).

Clinically useful skin islands may be designed any-
where on the muscle to suit the reconstructive needs.

e e e = m =

A, Perforating musculocutaneous arteries through gluteus maximus into overlying
skin. a, Superior gluteus maximus skin territory; b, inferior gluteus maximus

skin territory.
B, Outline of gluteus maximus.
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Fig. 3-13, cont’d

C, Design of skin island for transposition of superior gluteus maximus musculocu-
taneous flap for sacral coverage.

D, Design of skin island for transposition of inferior gluteus maximus musculocu-
taneous flap for ischial coverage.
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Fig. 3-14, cont'd
C, Design of standard gluteal thigh flap.
D, Design of skin island for gluteal thigh flap.
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Transverse back flap (Fig. 3-15)

The transverse back flap is based on the row of are not present over the gluteus maximus (Fig.
medial musculocutaneous perforators on the contra- 3-16). The flap measures 8 X 15 ¢m and is based 2
lateral side. The flap has to be based above the glu- cm laterally to the midline. It extends to the opposite
teus maximus, because the paramedian perforators anterior axillary line.

Fig. 3-15

A, Perforating branches of lumbar vessels through paraspinous muscles are vascular
basis of transverse back flap.

B, Design of transverse back flap for sacral coverage.



ing arteries through trapezius and lat

Fig. 3-16. Paramedian perforat
skin of posterior trunk.
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Sartorius (Fig. 3-17) the muscle to the skin territory. Because this muscle

The total skin territory of the sartorius measures 4 has a type IV blood supply, the clinically useful island
X 40 cm and includes all the skin overlying the mus- of skin that can be elevated with the muscle is lim-
cle. The small musculocutaneous perforators, less ited toa 5 X 7 cm island based either near the origin
than 0.5 mm in diameter, are distributed throughout of the muscle or distally near its insertion.

Fig. 3-17
A, Perforating musculocutaneous arteries through sartorius into overlying skin.

B, Outline of sartorius muscle.
C, Design of superior sartorius musculocutaneous transposition flap (a); Design of

inferior-based sartorius musculocutaneous flap (b).



Gracilis (Fig. 3-18)

The total skin territory of the gracilis measures 6
X 24 cm and includes all the skin over the muscle.
Perforating musculocutaneous arteries are small, less
than 0.5 mm in diameter, and are distributed mostly
over the proximal portion of the muscle. The clini-
cally reliable island of skin based on the gracilis mea-
sures 8 x 15 cm and is usually designed over the
proximal two thirds of the muscle. This muscle has
a type II blood supply with the dominant pedicle lo-

Fig. 3-18
A, Perforating musculocutaneous arteries through gracilis into overlying skin.

B, Outline of gracilis muscle.

MUSCULOCUTANEOUS PERFORATORS 121

cated proximally. This makes the proximal island of
skin more reliable than the distal skin. The distal
skin is also supplied by direct cutaneous vessels.

The skin territory of the gracilis is innervated by
branches of the anterior cutaneous nerve of the thigh
(L2 and L3). However, this flap has little potential as
a neurosensory flap, because the nerves are divided
during flap elevation to permit the usual arc of rota-
tion.

Continued.



Fig. 3-18, cont'd

C, Design of skin island for gracilis musculocutaneous flap.

D, Design of skin island for gracilis musculocutaneous flap for vaginal reconstruc-
tion. NOTE: Skin island below adductor longus muscle.



Rectus femoris (Fig. 3-19)

The total skin territory of the rectus femoris mea-
sures 12 X 32 cm and includes the skin overlying
the muscle and 3 to 4 cm beyond. The musculocu-
taneous perforators measure 0.5 to 1 mm in diameter
and are distributed evenly throughout the muscle to
the skin. The useful skin islands, based on the rectus
femoris, may include all the overlying skin or part of
it, depending on the reconstructive needs.

Fig. 3-19
A, Perforating musculocutaneous arteries through rectus femoris.
B, Outline of rectus femoris muscle.
C, Design of skin island for rectus femoris musculocutaneous flap.
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It should be noted that the sartorius crosses the
upper part of the rectus femoris. However, the over-
lying skin may be safely elevated with the rectus fe-
moris.

The rectus femoris skin territory is innervated by
the femoral cutaneous nerve of the thigh (L2 and
L3). This is a neurosensory flap, because the nerve
can be isolated and easily elevated with the flap.
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Tensor fascia lata (Fig. 3-20)

The skin territory of the TFL measures 12 X 40
cm and includes not only the skin overlying the rel-
atively small muscle but also all of the skin of the
anterolateral thigh over the fascia lata to within 6 or
8 cm of the knee.

The musculocutaneous perforators are large, 1 mm
or more in diameter, and are distributed to the skin
directly over the muscle. The perforators are located
over the muscle proximally and support the entire
skin over the fascia lata. There are small perforators
from the underlying vastus lateralis through the fas-
cia lata into the overlying skin in the distal thigh.
During flap elevation the fascia lata is elevated with

Fig. 3-20

the overlying skin to protect the distal course of the
musculocutaneous perforating vessels.

The clinically useful skin islands on the TFL can
be made any length down to within 6 or 8 cm of the
knee and any width up to 15 cm. The donor area can
be closed directly if the width is 8 cm or less. Beyond
that a skin graft may be necessary.

The skin of the TFL flap is innervated by two
nerves. Superiorly below the iliac crest a small area
is innervated by a lateral branch of the twelfth tho-
racic nerve. The rest of the skin is innervated by the
lateral femoral cutaneous nerve of the thigh. Both
nerves are easily dissected and elevated with the flap
as a neurosensory flap.

A, Perforating musculocutaneous arteries through TFL into overlying skin.



MUSCULOCUTANEOUS PERFORATORS 125

~
)

('

- -y
-
-

-

[ 4
\\

Fig. 3-20, cont'd
B, Outline of TFL muscle.

Continued.
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Fig. 3-20, cont’d

C, Design of standard TFL musculocutaneous transposition flap.
D, Design of extended TFL musculocutaneous transposition flap.
E, Design of TFL island musculocutaneous flap.



Biceps femoris (Fig. 3-21)

The skin territory of the biceps femoris measures
10 x 40 cm and includes not only the skin over the
muscle but also most of the skin of the posterior
thigh. The musculocutaneous perforators measure
approximately 0.5 to 1 mm in diameter. These are
evenly distributed over the muscle into the overlying
skin. The skin territory of the biceps femoris is also
supplied by a direct cutaneous branch of the inferior
gluteal artery (that is, the gluteal thigh flap).

Fig. 3-21

A, Perforating musculocutaneous arteries through biceps femoris into overlying
skin.

B, Outline of biceps femoris muscle.

C, Design of skin island for biceps femoris musculocutaneous advancement flap for

ischial coverage.
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For clinical purposes the entire hamstring group
with the overlying skin is elevated for closure of pres-
sure sores. Singly as a musculocutaneous unit, the
biceps must be elevated with a smaller island of over-
lying skin.

The skin territory of the biceps femoris is inner-
vated by the posterior femoral cutaneous nerve of the
thigh (S1 to S3). The nerve may be isolated and ele-
vated with the flap as a neurosensory flap.

Continued.
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Gastrocnemius (Fig. 3-22)

The skin territory of each head of the gastrocne-
mius measures 10 X 23 c¢cm. This includes not only
the skin over the muscle but also the skin over the
Achilles tendon to within 2 to 3 cm of the malleoli.
The musculocutaneous arteries are rather large, 1 to
1.5 mm in diameter, and perforate through the prox-
imal muscle into the overlying skin. There are no
perforators through the Achilles tendon into the over-
lying skin.

The distal skin territory over the Achilles is vas-

Fig. 3-22

cularized through the proximal perforators. The dis-
tal skin can therefore be elevated up to the lower
third of the muscle and transposed as a skin fascial
flap without elevating the Achilles tendon or the un-
derlying muscle.

Clinically useful islands of skin may be based ei-
ther on the muscular part of the gastrocnemius or
extended distally toward the malleoli. However, the
gastrocnemius musculocutaneous flap is rarely rec-
ommended because of the significant donor defor-
mity.

A, Perforating musculocutaneous arteries through medial gastrocnemius into over-

lying skin (arrow).
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Fig. 3-22, cont'd

B, Outline of medial gastrocnemius muscle.
C, Outline of lateral gastrocnemius muscle.

Continued.
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Fig. 3-22, cont’d
D and E, Design of standard medial gastrocnemius musculocutaneous flap.
F and G, Design of extended medial gastrocnemius musculocutaneous flap.
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Fig. 3-22, cont’d
H and I, Design of standard lateral gastrocnemius musculocutaneous flap.
J and K, Design of extended lateral gastrocnemius musculocutaneous flap.
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Tibialis anterior (Fig. 3-23)

The skin territory of the tibialis anterior is approx-
imately 4 X 12 cm and includes its overlying skin.
The musculocutaneous perforators are small, 0.5 mm
in diameter, and are distributed evenly over the mus-
cle into the overlying skin. The skin of the anterolat-

Fig. 3-23

A, Perforating musculocutaneous arteries through tibialis anterior into

skin.
B, Outline of tibialis anterior muscle.

eral leg is also supplied through small perforators
from the peroneal muscles.
The tibialis anterior is not recommended as a mus-

culocutaneous flap, because this would leave an un-
acceptable donor deformity.
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Flexor digitorum brevis (Fig. 3-24)

The skin overlying the flexor digitorum brevis is
innervated by the medial and lateral plantar nerves
(L4,5 and S1,2). Branches of these nerves may be
dissected and elevated with the flap as a neurosen-
sory flap.

Fig. 3-24

A, Perforating musculocutaneous arteries through flexor digitorum brevis into over-
lying skin.

B, Outline of flexor digitorum brevis muscle.
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Abductor digiti minimi (Fig. 3-25)

The skin of the sole of the foot is supplied by direct
cutaneous vessels and perforators from the abductor
digiti minimi muscle. The perforating vessels are
small, 0.2 mm or less in diameter, and are evenly dis-
tributed to the overlying skin.

Clinically a small skin island may be based on this
muscle.

The skin overlying the abductor digiti minimi is in-
nervated by the sural nerve (S1,2), which may be el-
evated with the flap as a neurosensory flap.

Fig. 3-25
A, Perforating musculocutaneous arteries through abductor digiti minimi into over-

lying skin.
B, Outline of abductor digiti minimi muscle.

Abductor hallucis (Fig. 3-26)

The abductor hallucis supplies a small area of skin
along the medial border of the foot. The perforating
vessels are small, measuring 0.5 mm or less in di-
ameter.

Clinically a small island of skin may be elevated
with the muscle.

The skin overlying the abductor hallucis is inner-
vated by branches of the medial plantar nerve (14,5),
which can be isolated and elevated with the flap as a
neurosensory flap.



Fig. 3-26

A, Perforating musculocutaneous arteries through abductor hallucis into overlying
skin.

B, Outline of abductor hallucis muscle.

C, Design of skin island for abductor hallucis musculocutaneous transposition or
distal advancement flap.
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Conclusion

The knowledge of the size, number, and location
of musculocutaneous perforating arteries has clinical
significance in that flaps may be elevated with
greater reliability and flap design may be altered to
meet various reconstructive needs. Certain skin flaps
based on musculocutaneous perforating arteries may
be elevated without elevating the underlying muscle
(e.g., thoracoepigastric flap). The underlying muscle
and overlying skin may be separated so that the mus-
cle can be placed into an infected cavity and the skin
used for coverage. The skin island or the entire mus-
culocutaneous unit may be split so that one unit will
cover two adjoining defects. Anatomic variations and
previous ligation or damage to the vascular pedicle of
the underlying muscle may alter the pattern of blood
supply to the overlying skin. This should always be
taken into account before flap selection and design.

MUSCLE AND SKIN GRAFT OR
MUSCULOCUTANEOUS FLAP

Superficial muscles may be elevated as a muscle
flap and skin grafted or elevated with the overlying
skin as a musculocutaneous flap. The reconstructive
surgeon therefore has a choice. One method may be
more suitable than the other for a particular defect.
A selection is therefore made on the basis of the re-
constructive needs of the defect and aesthetic and
functional considerations of each method (Table 2).
The goal is to restore form and function with minimal
donor deformity.

Durability

Muscle makes an excellent recipient site for skin
graft. This well-vascularized bed accounts for the du-

rability of the grafted skin. However, the skin asso-
ciated with the musculocutaneous flap retains func-
tional adnexal glands and hair growth. When the
musculocutaneous flap is inset into a defect where
its thickness does not result in excessive projection,
the durability of this skin is excellent.

Aesthetic considerations

The flap. The skin island of a musculocutaneous
flap may be preferable to skin graft over muscle.
However, if the subcutaneous tissue is bulky, then
skin-grafted muscle is preferable to a bulky flap. In
general, the muscle flap is only preferred for shallow
defects, and the musculocutaneous flap is preferred
for deeper defects.

The donor defect. The donor defect of a muscle
flap is always closed directly. However, the donor site
of musculocutaneous flaps often requires skin graft-
ing. The donor defect of the gastrocnemius muscu-
locutaneous flap is unacceptable to many patients. It
is preferable to transfer the muscle only, and cover it
with a skin graft.

Flap atrophy. Denervated and tenotomized muscle
will atrophy. However, the degree of atrophy cannot
be predicted and depends somewhat on tension
within the muscle fibers. However, muscle will atro-
phy, but subcutaneous fat will not.

Functional considerations

Pliability. Muscle alone without the overlying skin
is more pliable and can be transposed as a turnover
flap or placed into bone to obliterate osteomyelitis
cavities, The epimysium may be incised and the
muscle expanded. Skin cannot be stretched. Under
certain circumstances a combination flap may be
ideal. The overlying island of skin on a musculocu-

TABLE 2 Aesthetic and functional considerations of muscle flap and skin graft and

musculocutaneous flap

Donor defect Excellent

Flap atrophy

Type
Considerations Muscle flap and skin graft Musculocutaneous flap
Aesthetic
Flap Good to fair Excellent to fair

Muscle will atrophy

Functional
Sensibility No Yes
Pliability Fair Excellent
Size Limited to size of muscle May be extended beyond muscle

Excellent to poor

Subcutaneous fat will not atrophy




taneous flap may be separated in part from the un-
derlying muscle. The muscle is transposed into a
cavity, and the skin island provides coverage over it.
A precise knowledge of the location of the perforators
is required to avoid interruption of skin circulation
with this maneuver.

Sensibility. Certain musculocutaneous flaps may
be transposed with intact cutaneous sensory nerves
as sensory flaps. Sensibility in these flaps is excel-
lent. Otherwise sensibility in musculocutaneous flaps
and muscle flaps with skin graft is similar in that
some pressure stimuli may be transmitted through
the underlying muscle if it remains innervated.

Size. The dimensions of a muscle flap are limited
to the size of the muscle. However, muscle will con-
tract when origin or insertion is cut for elevation as
a flap. For maximum coverage, therefore, the muscle
has to be stretched to its original size then sutured
into the defect. This stretching of the muscle is facil-
itated by incising the epimysium. In fact these inci-
sions allow expansion of the muscle.

The skin elevated with muscle as a musculocuta-
neous flap may be considerably greater in dimensions
than the underlying muscle (e.g., TFL and gastroc-
nemius). Skin islands based on the periphery of the
muscle with extension beyond the muscle may be el-
evated for a greater arch of rotation. However, once
a musculocutaneous flap is elevated, the dimensions
of the skin remain constant and cannot be extended
by stretching or any other means.
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ANNOTATED BIBLIOGRAPHY

1. Manchot, C.: Die hautarterien des menshlichen korpes,
Leipzig, 1889, F.C.W. Vogel.

A classic treatise on the blood supply to the skin is pre-
sented. The diagrammatic division of the skin into ter-
ritories supplied by specific vessels, some of which are
clearly musculocutaneous perforators, resembles the
skin territory of several of the musculocutaneous flaps.

2. Mathes, S.J., and Nahai, F.: Clinical atlas of muscle and
musculocutaneous flaps, St. Louis, 1979, The C.V.
Mosby Co.

A description of anatomy, vascular supply, arc of ro-
tation, and clinical application of muscle and muscu-
locutaneous flaps is presented. The skin territory of the
musculocutaneous flaps is outlined, and the musculo-
cutaneous perforating arteries of several flaps are dem-
onstrated.

3. McCraw, J.B., Dibbell, D.G., and Carraway, J.H.: Clini-
cal definition of independent myocutaneous vascular
territories, Plast. Reconstr. Surg. 60:341, 1977.

A number of musculocutaneous flaps are described for
the first time. This paper inludes a description of 13
musculocutaneous flaps. The size of each unit and its
vascular basis are described.

4. Ortichocea, M.: The musculocutaneous flap method: an
immediate and heroic substitute for the method of delay,
Br. J. Plast. Surg. 25:106, 1972.

The first description of the gracilis musculocutaneous
flap is presented. This was the first publication of the
“musculocutaneous flap era,” recognizing the depen-
dence of skin blood supply on the underlying muscle.
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The rapid advancement of the application of mus-
cle and musculocutaneous flaps for reconstruction of
defects in all regions has been based mainly on ca-
daver dissections and clinical experience. Experi-
mental work, however, has also played a role in this
development.

Since 1972 the dog has been used as an experi-
mental model in the laboratories at Emory Univer-
sity, Atlanta, Washington University, St. Louis, and
the University of California, San Francisco, to study
muscle and musculocutaneous flaps. Initially the
work was directed toward dissection of muscle and
musculocutaneous flaps in dogs to define the vascu-
lar anatomy and potential for transposition as muscle
flap or transfer as a free flap. These early experi-
ments showed that the gracilis, rectus abdominis,
and biceps femoris muscles of the dog can be trans-
posed locally as muscle or musculocutaneous flaps or
transplanted as free flaps by microsurgical technique
(Fig. 4-1). It was also shown that the sartorius with
a type IV pattern of blood supply will not survive as
a local transposition flap when more than two of the
segmental pedicles are divided (Fig. 4-2).

ANATOMIC STUDIES

Barium-latex-injected dog cadavers were dis-
sected in a search for a musculocutaneous flap model
with a pattern of blood supply similar to humans. The
gracilis was chosen as a suitable model and has been
our experimental flap to evaluate the musculocuta-
neous flap.
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The dog gracilis is located on the medial thigh and
measures approximately 5 X 8 cm. It has a muscular
origin and a tendinous insertion. Although relatively
shorter than the gracilis in humans, it resembles it in
form. The pattern of blood supply of the dog gracilis
is type 1I with a dominant proximal pedicle 1 mm in
diameter and single distant minor pedicle 0.5 mm in
diameter. Both are branches of the saphenous artery
of the dog, which is equivalent to the superficial fem-
oral artery in man (Fig. 4-3). The venous drainage
accompanies the arteries, and the muscle is inner-
vated by the obturator nerve (Fig. 4-4).

STUDIES OF INTRAMUSCULAR VESSELS

Dog gracilis muscles injected with a barium-latex
mixture were dissected under the microscope. The
intramuscular course of the major and minor vascu-
lar pedicles was dissected (Figs. 4-5 and 4-6). The
vessels were found to run parallel to the muscle fi-
bers and, in between the muscle fibers, send small
perforating vessels to supply the overlying skin.
These dissections and the radiographs demonstrated
that the dominant pedicle was distributed to the up-
per two thirds of the muscle and the minor pedicle to
the lower one third. Furthermore, anatomic continu-
ity was demonstrated between the two systems.
These findings were confirmed through the injection
of red latex into the dominant pedicle and blue latex
into the minor pedicle. Again, it was shown that the
red latex through the dominant pedicle was distrib-
uted to the upper two thirds of the muscle and the
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Fig. 4-1. Transplantation of biceps femoris musculocutaneous flap by microvascular

techniques.

A, Biceps femoris muscle with overlying cutaneous territory for microvascular trans-
plantation.

B, Postoperative view of musculocutaneous flap immediately after successful revas-
cularization.

C, Three-month postoperative view demonstrates survival of both muscle and over-
lying skin.

Fig. 4-2. Necrotic sartorius
musculocutaneous flap in dog.
Flap elevated on one proximal
pedicle only. NOTE: Survival of
proximal flap (arrow).
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Motor nerve

Fig. 4-3. Anatomy of dog gracilis muscle.

Motor
nerve

Major
pedicle

Gracilis

Saphenous
artery

Minor
pedicle

Fig. 4-4. Motor nerve and blood supply of dog gracilis muscle.
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Fig. 4-5. Dissection of barium-latex—injected gracilis demonstrates intramuscular
course of major and minor pedicles. D, Major pedicle; m, minor pedicle.

Fig. 4-6. Radiograph of muscle in Fig. 4-5. D, Major pedicle; m, minor pedicle.
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blue latex through the minor pedicle to the lower one
third (Fig. 4-7, A). Microscopic dissection of these
two-color—injected muscles demonstrated several
vessels with both blue and red latex in the lumen,
thus confirming once again that anatomic continuity
existed between the two pedicles (Fig. 4-7, B).
However, anatomic continuity demonstrated with
latex injection under pressure does not necessarily
imply physiologic continuity. Therefore cineradiogra-
phy was performed under normal physiologic condi-

Fig. 4-7

tions. The minor pedicle of the muscle was clamped
temporarily and the muscle perfused through the
major pedicle. The dye was distributed to the entire
muscle, first into the upper two thirds, then slowly
into the lower one third. Conversely, with the major
pedicle clamped and the minor pedicle open, dye was
seen predominantly in the distal one third of the
muscle and only a minimal portion of the upper two
thirds.

This cineradiography study demonstrated that the

A, Simultaneous injection of red latex through major pedicle and blue latex through
minor pedicle. NOTE: Distribution of red to proximal two thirds of muscle and
blue to distal one third. D, Major pedicle; m, minor pedicle.

B, Arrow indicates blue and red latex seen in lumen ol vessel.



dominant pedicle would support the entire muscle.
Although anatomic continuity was present, the flow
through the distal pedicle was limited to the lower
one third. Further experiments were then designed
and undertaken to manipulate the distal blood supply
so that the entire muscle could be based on the mi-
nor pedicle.

DELAY EXPERIMENTS
Rationale for delay

The arc of rotation of a muscle flap is limited by
the size of the muscle and the location of the pedicle
on which it is based. However, if through a delay pro-
cedure the entire muscle were to survive on the distal
pedicle, then a second or distal arc of rotation would
be available; for example, the distally based gracilis
will cover the knee, and the distally based soleus will
cover the lower one third of the leg (i.e., areas that
the normal arc of rotation of these flaps will not
cover). This therefore would increase the clinical ap-
plication of the flap.

Experiments were designed to study the effects of
vascular delay and nerve section on muscle flaps’
survival based on the distal nondominant pedicle.
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Vascular delay

The dog gracilis model was used to study vascular
delay. On day 1 a skin incision was made on each
side over the dominant pedicle to the muscle. On the
right or experimental side the dominant vascular
pedicle was identified, dissected free from the sur-
rounding tissues, divided, and ligated; on the left or
control side the pedicle was identified and preserved
(Fig. 4-8, A). The skin incisions were then closed.
On day 21 each flap was elevated on the minor distal
pedicle (Fig. 4-8, B). The motor nerve was cut at this
time, and the origin and insertion of the muscle were
divided. The island musculocutaneous flap was then
sutured into its original site. On day 24 the flaps were
evaluated clinically and with fluorescein to assess the
extent of muscle and skin survival. Cadaver injection
studies and histologic examinations of the muscles
were performed to confirm the clinical findings
(Fig. 4-9).

This experiment was repeated in another group of
animals after only a 14-day delay.

Results. On the experimental or delayed side 99%
of the muscle survived, whereas on the control side
only 60% of the muscle survived. Similar results
were observed after 14 and 21 days of delay. Survival

Days 14 to 21

A, Delay of experimental gracilis musculocutaneous flap. Major pedicle on right side
ligated; sham incision performed on left side.
B, Bilateral gracilis musculocutaneous island flaps elevated on minor pedicle 14 to

21 days after flap delay.
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Fig. 4-9

A, Hematoxylin-eosin (H & E)-stained microscope section of proximal portion of
muscle from experimental delayed side 3 days after flap elevation on distal pe-
dicle. NOTE: Normal appearance of muscle.

B, Simiar H&E-stained section taken from same location on control side. NOTE:
Muscle necrosis.



of the overlying island of skin was not as predictable.
On the delayed side approximately 60% of the skin
island survived, and only 25% on the control side of
the skin island survived.

Discussion. Blood flow through muscle is regu-
lated by the smooth muscle in the vessel walls. Ac-
cording to Poiseuille’s law, flow varies to the fourth
power of the radius of the vessel. Thus a small
change in vessel size leads to a significant change in
flow. Therefore changes in smooth muscle tone
within the vessels control flow into the muscle. This
smooth muscle tone is controlled by neurogenic stim-
uli and local metabolites. The neurogenic stimuli
may constrict or dilate the vessels. Alpha-adrenergic
stimulation constricts, while beta-adrenergic stimu-
lation dilates. The local metabolites vasodilate. Al-
though abbreviated and simplified, this description of
muscle blood flow accounts for the experimental
findings.

The ligation of the major pedicle on day 1 on the
experimental side does not lead to muscle necrosis,
because in addition to the distal pedicles, smaller ves-
sels through the origin are present to maintain mus-
cle viability. However, this does result in muscle
ischemia, which we believe is the stimulus for in-

P Brwyar)
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Fig. 4-10
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creased flow through the minor pedicle that will
eventually support the entire muscle. More studies,
including the use of flow meters, to accurately mea-
sure flow in the minor pedicle before and after vas-
cular delay are needed to confirm these observations.
The barium-latex injection studies after delay do in-
deed show filling of the entire muscle through the
minor pedicle after the delay.

Vascular delay of the gracilis and soleus muscles
has been clinically performed. The distally based de-
layed gracilis flap has been successfully transposed
for coverage around the knee, and the distally based
delayed soleus flap has provided coverage of the
lower one third of the leg. However, with the selec-
tion of more appropriate alternative flaps and the
availability of microvascular tissue transplantation,
delayed muscle flaps have had very limited clinical
applications.

Nerve delay

Hudlicka has demonstrated that after denervation
there is an increase in blood flow into muscle that
persists for 20 days. In addition to this increase in
blood flow, complicated changes at the biochemical
level also take place. An experiment similar to the

A, Incision made over motor nerve to gracilis muscle on each side. Segment of nerve

(5 mm) is excised on right side.

B, Bilateral gracilis island musculocutaneous flaps are elevated on distal minor pedi-
cle 14 days after motor nerve section on right side.
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vascular delay study was performed in our laboratory
by Dr. Richard Hagerty to investigate the effects of
motor nerve section on survival of gracilis flaps based
on the distal pedicle.

Method. On day 1 an incision was made on each
side over the proximal portion of the gracilis muscle.
Through this incision the motor nerve, a branch of
the obturator nerve, was identified. On the right or
experimental side a 5-mm segment of the nerve was
resected (Fig. 4-10, A). On the left or controlled side
the nerve remained intact, and the skin incision was
closed. On day 14 both flaps were elevated as island
musculocutaneous flaps based on the distal minor
pedicle (Fig. 4-10, B). The motor nerve on the left
side was divided at this time. On day 17 the flaps
were evaluated as in the vascular delay experiment.

Results. Although there were some individual
variations, there was no significant difference in flap
muscle or skin survival between the experimental
and controlled side. Therefore in this experimental
study, prior denervation of the muscle did not affect
muscle flap survival based on the distal minor pedi-
cles.

VASODILATOR DRUGS

Neurogenic stimuli affect smooth muscle tone of
the vessels within skeletal muscle. Alpha-adrenergic
stimuli constrict, while beta-adrenergic stimuli dilate.
The drug isoxsuprine* is a beta-adrenergic stimula-
tor, producing prolonged vasodilation. This beta-re-
ceptor effect is directed toward the precapillary
sphincter.

Finseth and co-workers in a series of articles first
demonstrated that this prolonged smooth muscle re-
laxation in the vessel wall would prevent necrosis in
an experimental neurovascular island skin flap in the
rat. The effect of isoxsuprine was then evaluated on
island muscle and musculocutaneous flaps.

In a well-controlled experiment on the vastus me-
dialis island muscle flap in the rabbit, they showed
that pretreatment with isoxsuprine injected intraper-
itoneally (1 mg/kg/day) for 2 weeks before and 5 days
after flap elevation led to significant increase in mus-
cle survival as compared to untreated controls. Fin-
seth and co-workers then studied the effects of pre-
treatment with isoxsuprine on island musculocuta-
neous flaps in the pig. The gracilis musculocuta-
neous unit was chosen as the experimental flap. The
isoxsurpine-treated pigs were given 1 mg/kg of
isoxsuprine intramuscularly for 2 weeks before and 6

*Vasodilan, Mead Johnson Labs, 2404 Pennsylvania St., Evans-
ville, IN 47721.

days after flap elevation. Again, they showed greater
survival of muscle and overlying skin in the isoxsu-
prine-treated group.

Cherry studied the effects of isoxsuprine on mus-
cle and skin flap survival in the pig. Using each ani-
mal as its own control, he first raised a sartorius mus-
cle flap and a neurovascular island skin flap on one
side. Survival of the muscle flap and skin flap was
then noted. Pretreatment with isoxsuprine, 15 mg/
kg/day by mouth, was initiated 2 weeks later and
continued for an additional 14 days. At the end of
this period, the sartorius muscle flap and neurovas-
cular island flap were elevated on the opposite side.
Cherry demonstrated a significant increase in the
surviving length of the sartorius flap when compared
to the untreated muscle flap in the same pig. How-
ever, he was unable to show any significant differ-
ence in survival length of the neurovascular island
skin flap.

Discussion. The studies of Finseth and co-workers
and Cherry clearly demonstrate the effects of isoxsu-
prine on increased muscle flap survival in the pre-
treated animals. Finseth has also reported two pa-
tients in whom musculocutaneous flaps were sal-
vaged by intraoperative and postoperative injections
of isoxsuprine.

We have initiated a study on the effect of isoxsu-
prine on the previously described gracilis musculo-
cutaneous flap model in the dog. Early data show in-
creased muscle survival after isoxsuprine pretreat-
ment when the flap is elevated on the distal minor
pedicle.

Further experimental and clinical evaluation of the
effects of isoxsuprine are indicated to define its role
in clinical practice. Isoxsuprine may well prove to be
an excellent tool for the salvage of failing flaps or as
a method for increasing muscle survival on a given
vascular pedicle.

Three methods for increasing muscle flap survival
on a given pedicle have been investigated. These in-
clude strategic vascular delay by ligation of the dom-
inant pedicle, nerve section, and isoxsuprine pre-
treatment. Our data clearly show the effectiveness of
a vascular delay through the ligation of a dominant
pedicle. Sections of the motor nerve in our experi-
ments did not show any such effect, although recent
studies with a different experimental model by Heck-
ler have demonstrated improved flap survival after
muscle denervation. The work of Finseth and co-
workers and Cherry have demonstrated the effects of
isoxsuprine. Vascular delay requires previous surgi-
cal intervention, whereas the use of isoxsuprine
would obviate the need for a previous procedure.



REVASCULARIZATION OF
MUSCULOCUTANEOUS FLAPS

Revascularization of island musculocutaneous
flaps has been investigated in our laboratories.

Method. The previously described gracilis muscu-
locutaneous island flap model in the dog was studied.
On day 1 an island musculocutaneous flap was ele-
vated on the dominant pedicle. The distal vascular
pedicle, motor nerve, and muscle origin and insertion
were divided. The flap was then sutured back into its
original location. In a series of flaps on days 3
through 10 the vascular pedicle was exposed and ei-
ther the artery or vein was ligated. Flap survival was
then evaluated 2 days later.

Results

Arterial ligation. Although isolated flap survival
was seen after arterial ligation as early as day 4, all
flaps survived after arterial ligation on day 7.

Venous ligation. Although a smaller number of
flaps was studied after venous ligation, it appeared
that venous ligation was less well tolerated than ar-
terial ligation. All flaps survived after venous ligation
after day 8.

A barium-latex injection was then used to study
the surviving flaps. The barium-latex mixture was in-
jected into the femoral artery of the dog, and the
flaps were then dissected and studied radiographi-
cally. These studies clearly showed that the experi-
mental flap had been revascularized through the un-
derlying muscles (Fig. 4-11).

Discussion. Further work is in progress to evaluate

Gracilis

Barium-latex ——
injection
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the effect of simultaneous ligation of the artery and
vein. These studies indicate that in the flap model,
revascularization through the surrounding tissues is
adequate to maintain viability of the experimental
flap after 8 days. It should be noted that in this study,
the flaps were sutured back into normal, well-vascu-
larized tissue. Clinically muscle flaps are transposed
into avascular or irradiated tissues; therefore pedicle
division should be delayed for at least 2 weeks.

FURTHER INVESTIGATION
INTO MUSCLE FLAPS

Work is in progress in our laboratories to further
investigate muscle and musculocutaneous flaps.

Infection. It has been a clinical impression that
muscle placed directly into a contaminated wound
resists and in fact eradicates infection. It is placed in
osteomyelitis cavities to eradicate chronic infection.
The thesis that muscle is highly vascularized and
should therefore resist or eradicate infection is being
evaluated experimentally. Early data confirm this
thesis.

Muscle bulk. As more and more attention is fo-
cused on restoring form and function with muscle
and musculocutaneous flaps, the predictability of
muscle atrophy or preservation of muscle bulk is es-
sential. Studies are in progress to evaluate atrophy of
muscle bulk after denervation and flap transposition.
The role of muscle tension in the flap on muscle atro-
phy and loss of bulk is also under study.

Abductor
deep to
gracilis

Saphenous
artery

Fig. 4-11. Revascularization of gracilis muscle through underlying abductor muscles.
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Lymphatics in muscle and musculocutaneous
flaps. After transposition as island musculocutaneous
flaps, the lymphatic drainage of the skin island is in-
terrupted. The clearance of india ink from the skin
island is markedly altered, and our initial data indi-
cate that in time the lymphatics drain through the
underlying muscle.

Cadaver injection studies. Cadaver injection stud-
ies have been used to study the blood supply to mus-
cle and skin. Red latex and blue latex are mixed in
equal amounts with barium paste to make a radi-
opaque mixture. This mixture is then injected slowly
into the specimen. The latex solidifies in the acid pH
of the cadaver tissues. For best results injections are
made in fresh cadavers. Although it is still possible to
inject preserved specimens, the results are not al-
ways optimal. The injections are performed under
minimal pressure. The application of excessive pres-
sure or the injection of large volumes of the mixture
will force the mixture into the tissues and beyond the
territory of the vessel under investigation. In study of
the extremities, for example, injection of 40 to 50 ml
of the mixture is sufficient.

Evaluation of skin territories through the injection
of dye into underlying muscles or direct cutaneous
vessels has been performed. However, a note of cau-
tion is necessary in the technique of injection, since
the use of large volumes of the mixture will increase
the area of distribution and hence the territory of the
vessel under study. Cadaver injection studies merely
demonstrate anatomic continuity and do not neces-
sarily represent physiologic dependence of a muscle
or an area of skin on a given vessel. Clinical correla-
tion of these findings is essential before conclusions
can be drawn.

Our studies have indicated that injection of the
pedicle to an underlying muscle will certainly distrib-
ute the material into the overlying skin and several
centimeters beyond. It is of interest that in certain
areas the same area of skin can be filled with contrast
material either through direct cutaneous vessels or
through the underlying muscles. An excellent ex-
ample of this is the skin of the anterior abdominal
wall. The injections through the deep inferior epigas-
tric artery through the rectus abdominis will demon-
strate the skin overlying the rectus abdominis,
stretching laterally to the anterior axillary line and
across the midline to the opposite side. The same
area of skin can be demonstrated through direct in-
jection of the superficial inferior epigastric artery,
which is a direct cutaneous vessel.

Cadaver injection studies have been most useful in
evaluation of the blood supply to the skin. Using
these techniques, it has clearly been demonstrated

that direct cutaneous vessels and musculocutaneous
perforators supply the skin. The areas of overlap and
the areas of greater dependence on one system or the
other have been demonstrated. These factors have
also been confirmed through clinical correlation.

ANNOTATED BIBLIOGRAPHY

1. Campbell, J., and Pennefather, C.: An investigation
into the blood supply of muscle with special reference
to war surgery, Lancet 1:294, 1919.

An experimental study in rabbits designed to assist
trauma surgeons with débridement of muscle after
gunshot wounds is presented. Campbell and Penne-
father describe the vascular anatomy of several mus-
cles. Despite the anastomotic connections between vas-
cular pedicles within muscle, they stress that division
of certain dominant pedicles generally resulted in
muscle necrosis.

2. Cherry, G.W.: The differing effects of isoxsuprine on
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neurovascular skin island flaps.
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tramuscular anastomoses with observations on the re-
generation of devascularized muscle, J. Anat. 79:15,
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dye was used to assess muscle viability after experi-
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4. Finseth, F.: Clinical salvage of three failing skin flaps
by treatment with a vasodilator drug, Plast. Reconstr.
Surg. 63:304, 1979.

One axial and two musculocutaneous flaps that at the
time of operation were judged by the fluorescein test
as nonviable were salvaged with the administration of
isoxsuprine.

5. Finseth, F., and Adelbert, M.G.: Prevention of skin flap
necrosis by a course of treatment with vasodilator
drugs, Plast. Reconstr. Surg. 61:738, 1978.

Isoxsuprine is shown to prevent necrosis in neurovas-
cular island skin flaps in rats.

6. Finseth, F., and Zimmerman, J.: Prevention of necrosis
in island myocutaneous flaps in the pig by treatment
with isoxsuprine, Plast. Reconstr. Surg. 64:536, 1979.

Isoxsuprine is shown to increase survival of muscle
and skin in the experimental gracilis island musculo-
cutaneous flap in pigs.
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10. Mathes, S.J., Nahai F., and Vasconez, L.O.: Myocuta-

11.

12.

neous free flap transfer: anatomical and experimental
consideration, Plast. Reconstr. Surg. 62:162, 1978.

The concept of delaying muscle and musculocutaneous
flaps by ligating vascular pedicles is explored, and ini-
tial data are presented.

Tamai S., and co-workers: Free muscle transplants in
dogs with microsurgical neurovascular anastomoses,
Plast. Reconstr. Surg. 46:219, 1970

First report of free muscle transplantation by micro-
vascular techniques is presented. The rectus femoris in
dogs is transferred. The artery, vein, and motor nerve
are sutured and functional recovery is evaluated 3 to
9 months later.

Terzis, J.K., and co-workers: Recovery of function in
free muscle transplants using microneurovascular
anastomoses, J. Hand Surg. 3:37, 1978.

Experimental work on the transfer of the rectus fe-
moris muscle in the rabbit is presented. After free neu-
rovascular transfer, maximum working capacity of
the muscle is only one fourth of normal.



AN ANALYSIS OF CAUSES OF FLAP
FAILURE

Stephen J. Mathes ® Foad Nahai

GENERAL PRINCIPLES

The complications associated with muscle flaps
stem from the same causes as those with other pro-
cedures: errors in judgment, errors in technique, and
concurrent illness. The best method of avoiding com-
plications is prevention.

The inadequate preparation of the patient repre-
sents an error in judgment that may lead to failure.
Proper preparation includes the assessment of the
patient’s overall status and correction of metabolic
abnormalities. Adequate nutritional support, hydra-
tion, and maintenance of blood volume are essential.

Flap selection

The flap of choice and alternative flaps should be
determined preoperatively. The final decision is not
made until the full extent of the defect has been de-
termined. The entire reconstructive armamentarium
should be considered: primary closure, skin graft,
random skin flaps, muscle flaps, musculocutaneous
flaps, and composite tissue transplantation.

Previous experience and knowledge of all of these
modalities are essential so that the reconstructive
surgeon can select the method that is best suited to
the defect requiring reconstruction.

Specifically for the application of muscle and mus-
culocutaneous flaps the surgeon should be familiar
with the following three basic principles of safe mus-
cle transposition:
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1. Knowledge of the anatomy of the muscle
2. A precise knowledge of the number and exact
location of the vascular pedicles to the flap

3. The limits of the arc of rotation of the flap

A working knowledge of the general anatomy of
the operative areas as well as the precise anatomy of
a given flap is essential. The reconstructive surgeon
must be familiar with the number of alternative flaps.
Unexpected anatomic variability, previous damage to
a specific vascular pedicle, and an unexpectedly large
defect as a result of débridement or dissection may
force the surgeon to use alternative flaps. The well-
prepared surgeon can proceed with one of the alter-
natives without risking flap failure.

GENERAL CONSIDERATIONS

Complications are those that are general and likely
to be seen with any muscle flap and those that are
specific and only seen with certain flaps. The general
complications include (1) planning errors; (2) tech-
nical, interoperative errors; and (3) postoperative care
errors, all of which will contribute to flap failure.

Planning errors

Inadequate flap design. Final flap selection and
design should not be undertaken until the exact ex-
tent of the defect is known. The resection of the tu-
mor or the débridement of the infected wound may
result in a defect larger than anticipated. If the flap



is designed and elevated before the full extent of the
defect has been determined, the flap will be too
small.

Inadequate vasculature. The known vascular pedi-
cles to a given flap may have been divided or dam-
aged by previous surgery, trauma, or underlying dis-
ease. Selective angiography may be indicated in pa-
tients with extensive traumatic defects or atheroscle-
rotic disease of the lower extremity before flap
selection.

Prior division of a muscle generally results in per-
manent interruption of circulation of the muscle dis-
tal to the injury site from proximally located vascular
pedicles. However, prior incisions or random cuta-
neous flap elevation superficial to muscle only tem-
porarily (3 weeks) eliminates vascular connections
between muscle and skin.

Obese patients. The arc of rotation of the muscle
flap is limited by the location of the vascular pedicle
and length of the flap. In thin patients a flap will
reach much further. The extended TFL flap, for ex-
ample, in a thin patient may well reach the contralat-
eral ischium, whereas in an obese patient it may not
even reach the ipsilateral ischium. These factors
have to be taken into account in preoperative plan-
ning. Furthermore the orientation of the overlying
skin on the muscle is less precise in obese patients.

Donor defect. The donor defect should influence
flap selection. A donor defect over a pressure area in
a paraplegic patient will lead to further complications
and should always be avoided. The donor defect of
the musculocutaneous flap in the lower extremity
(e.g., gastrocnemius) results in both an unsightly do-
nor defect and occasionally an area subject to wound
breakdown with minimal trauma.

Flap selection. In general, the muscles with types
I, 1II, and V patterns of blood supply have been the
most reliable and types 11 and IV the least reliable.
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These factors concerning muscle circulation should
be taken into account when selecting flaps for a
given defect.

Function. The functional deficit from the use of
the flap must be considered in flap selection. The
gluteus maximus flap, an excellent flap for recon-
struction in the paraplegic patient, may well lead to
functional disability in an ambulatory patient, espe-
cially when the entire muscle is used. Whenever pos-
sible, function preservation techniques should be
employed so that the patient may have the benefits
of the particular muscle flap without loss of function.

Technical errors

Flap design. Flap design requires a precise knowl-
edge of the topographic anatomy of the muscle. Fail-
ure to align the skin territory correctly over the mus-
cle will result in necrosis of the skin flap when de-
signed as an island. Obesity, inexperience in flap de-
sign, or narrow muscles are common causes of
inaccurate flap design (Fig. 5-1). This error is
avoided by the following:

1. Review of flap anatomy

2. Accurate flap design

3. Conversion of the skin territory to an island only

after the muscle belly borders are fully identi-
fied

Muscle choice. Muscle choice is based on the suit-
ability of muscle to cover the defect. Elevation of an
adjacent muscle may result in a muscle that fails to
provide vascularized cover for the defect because of
the following:

1. Inadequate size

2. Poor vascular pattern
If the muscle fails to cover the defect, or if ischemia
is noted by failure of the distal portion of the flap to
bleed or fluoresce (e.g., with use of intravenous flu-
orescein [1 gm injection]), then the muscle should

< sVMQ""""’-‘"‘;’—i‘?: g NN
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Fig. 5-1. Same size skin island is based on two different muscles to demonstrate
some problems involved in flap design. Muscle A is narrow with thick layer of sub-
cutaneous fat. Muscle B is flat with thin subcutaneous layer. A is typical of limb

muscles and B typical of trunk muscles.



Fig. 5-2. Tight tunnel leading to distal flap necrosis.
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Patient with combined trochanteric and sacral pressure sores. Extended TFL flap
is designed.

Both pressure sores excised. NOTE: Intact bridge of skin between two defects.
Extended TFL flap elevated will cover trochanteric area and reach sacrum.
Central portion of flap that will be in tunnel is deepithelialized.

Flap sutured into sacral and trochanteric defect. Tunnel was inadequate in size
and flap distal to tunnel was lost.



not be used. Alternative muscle flaps or the initially
planned muscle should be identified and elevated.
This error is avoided by the following:
1. Review of flap anatomy
2. Knowledge of the muscle characteristics, espe-
cially its relationship to adjacent muscles near
its insertion or origin
3. Use of the tourniquet during identification and
elevation of muscle flaps in the lower extremity
Pedicle division. Division of the dominant vascu-
lar pedicle results in muscle flap failure. In type 1I
muscles the surgeon must routinely divide the minor
pedicle(s). However, the dominant pedicle should be
identified before division of the most proximal minor
pedicle if this minor pedicle seems abnormally close
to the point of flap rotation. This may be the major
pedicle located more inferiorly or distally along the
course of the muscle belly. If major pedicle division
is suspected, flap circulation is best evaluated by ex-
amination for distal muscle bleeding and use of intra-
venous fuorescein (1 gm injection). If flap ischemia
is confirmed, then the major pedicle should be iden-
tified. If it is divided, one may repair the pedicle by
microvascular techniques when feasible. If the pedi-
cle is intact, spasm may be suspected. In this in-
stance topical vasodilators (e.g., Marcaine [0.5%] or
Papaverine) may be applied to the pedicle and the
flap observed. Failure of flap perfusion after a 30-
minute period of observation may indicate pedicle in-
jury. However, prolonged spasm has been observed,
and the flap is best inset and observed for 24 hours.
This grave technical error of flap pedicle injury or
division must be avoided in flap elevation. This area
can be avoided by the following:
1. Precise knowledge of muscle vascular anatomy
2. Avoidance of blunt dissection when in the prox-
imity of the dominant vascular pedicle
3. Elevation of a muscle flap to the level of en-
trance of the dominant vascular pedicle is not
necessary in every reconstructive application of
a particular muscle
Tunnel. The tunnel is the most common cause of
muscle and musculocutaneous flap failure. The tun-
nel should be avoided. Any bridge of skin separating
the muscle or musculocutaneous flap from its site of
inset should be divided. A tunnel may be required in
certain instances, including the following:
1. Head and neck reconstruction
2. Breast reconstruction
3. Chest reconstruction
Since muscle swelling is common in the early post-
operative period, the tunnel must be twice the size of
the traversing flap (Fig. 5-2).

AN ANALYSIS OF CAUSES OF FLAP FAILURE 153

Tension. When the flap does not reach the defect,
the dominant vascular pedicle is generally the last
limiting factor preventing a wider arc of rotation. Re-
lease of tissue around the pedicle generally increases
flap length. However, the resultant tension on the
vascular pedicle may prevent flap perfusion and lead
to flap failure. When this complication is noted, ten-
sion is decreased from the flap, and a second flap is
elevated to complete defect coverage.

Damage to adjacent structures. Elevation of a
muscle flap necessitates dissection close to important
vessels and nerve structures. Damage to these struc-
tures may result in serious sequelae. Severe func-
tional defects after injury to the underlying nerves
during flap elevation are avoided by knowledge of
vascular and neural structures in proximity to the
flap.

Functional loss. Complete division of origin or in-
sertion or interruption of motor nerve eliminates
muscle function. Since use of muscle as a transposi-
tion flap generally involves one or both of these ma-
neuvers, remaining synergistic muscles must be pre-
served to maintain function. The function of the
muscle used for coverage can be maintained by the
following:

1. Use of one muscle from a group of synergistic

muscles

2. Use of function preservation techniques in
muscle flap design (i.e., using only a portion of
muscle, leaving muscle origin, insertion, and in-
nervation intact)

3. Use of microvascular composite tissue trans-
plantation when use of local muscle flap trans-
position techniques results in unacceptable
functional limitations for the patient

Hemostasis. Bleeding either in the donor defect or
the recipient site may result in flap failure. Increased
tension in the flap is an immediate problem often be-
cause of hematoma formation. Later, the hematoma
is a site for infection. Hematoma is avoided by the
following:

1. Careful hemostasis

2. Knowledge of location of the minor pedicles to
the muscle and careful ligation, as required for
flap elevation

Inadequate débridement. Successful coverage of
the difficult wound requires preliminary adequate
wound débridement. The second most common tech-
nical cause of muscle flap failure is residual nonvia-
ble bone or soft tissue. The problem is avoided by the
following:

1. Aggressive wound débridement

2. Delay in flap design and elevation until wound
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débridement is complete, which avoids failure to
debride a wound adequately because of inade-
quate flap size

Postoperative errors

A successful operation and a viable flap may be lost
through postoperative errors. These include the fol-
lowing:

Positioning. Correct positioning of the patient is
essential postoperatively to prevent pressure on the
flap or its pedicle. In general, the head and neck,
trunk, and extremities are elevated postoperatively.

Dressings. Tight dressings, especially around the
pedicle of a flap, may lead to compromise of flap cir-
culation.

Suction drains. Proper functioning of drains is es-
sential postoperatively. A drain that is not performing
is more a potential hazard than a benefit.

Antibiotics. Perioperative antibiotics are recom-

mended if flaps are transposed into infected or con-
taminated defects. Antibiotics are started preopera-
tively and continued for 1 to 3 days postoperatively.
If wound drainage becomes purulent, it is cultured
and appropriate antibiotic therapy instituted.

Mobilization. After reconstructive procedures on
the trunk or head and neck, patients are mobilized
early in the postoperative period. However, depen-
dency is avoided for 2 to 3 weeks after lower extrem-
ity reconstruction and then permitted gradually with
support stockings or dressings. Weight bearing is
avoided in paraplegic patients for at least 3 weeks af-
ter pressure sore reconstruction.

Rehabilitation. Proper postoperative rehabilitation
is essential for lower extremity reconstruction. Pres-
sure sore coverage in a paraplegic patient is only one
step in the rehabilitation process, and unless postop-
erative rehabilitation is instituted, the patient will
have recurrence.
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HEAD AND NECK

O

A SYSTEMATIC APPROACH TO
FLAP SELECTION

Stephen J. Mathes m Foad Nahai

ANTERIOR SCALP (Figs. 6-1 to 6-2)

Fig. 6-1 Fig. 6-2
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Skin grafts

1.

2.

3.

Skin grafts are method of choice for temporary coverage of acute

injury

Skin grafts cannot be used on exposed bone unless outer table is
excised (flap coverage is preferred; see local flaps)
Skin grafts are alternative method for coverage of dura (Fig. 6-3)

Local flaps (scalp flaps)

1.
2.
3. Orticochea technique allows expansion of scalp for greater coverage

4.

Local flaps are method of choice for coverage of small to moderate

size defects
Local flaps may be designed to provide hair coverage

(Fig. 6-4)
Radiation therapy may contraindicate use of local tissue

Distant flaps (Fig. 6-5)

1.

2.

Major head and neck flaps (pectoralis major, latissimus dorsi, and
trapezius) will not routinely reach this area
Free tissue transplantation is method of choice when the following
conditions exist:
a. Defect too large for local tissue (greater than one third of scalp)
b. Radiation therapy or vascular injury precludes use of local tissue
c. Adequate receptor vessels are a prerequisite for this method
Choice of free flaps in order of preference
a. Latissimus dorsi
(1) Musculocutaneous flap for moderate defect
(2) Muscle only and skin graft for large defects (Fig. 6-6)
(3) May include ribs for skull reconstruction
b. Omentum and skin graft
c. Tensor fascia lata musculocutaneous flap (makes an excellent
dura substitute)



Fig. 6-3. Skin grafts.

A,
B,

C

D,

Exposed skull with recurrent fibrosarcoma after chemosurgery.

After craniectomy with removal of nonviable skull with tumor invasion, split-
thickness skin grafts are applied to dura.

Coverage provided by skin grafts. This elderly patient is currently undergoing
chemotherapy for tumor recurrence.

Hard hat required for protective covering for skull defect.
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Fig. 6-4. Local scalp flap.

A,

Congenital giant hairy nevus involving upper
third of face and frontal scalp.

Skin grafts provide coverage over anterior
scalp and skull. Alopecia noted on anterior one
third of skull. D, Site of prior excision of giant
hairy nevus.

Design of Orticochea scalp flaps incorporating
hair-bearing normal scalp. D, Defect; 1 and
2, flap to restore widow's peak; 3 and 4, flaps
based on occipital vessels; 5, advancement
flap.
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D,

Fig. 6-4, cont’d

Scalp flaps elevated between galea
and periosteum based on superficial
temporal and occipital pedicles. D,
Site of prior excision of giant hairy
nevus.

Multiple incisions through galea al-
low expansion of scalp flaps without
injury to axial vessels coursing su-
perficially to galea. Arrows denote
sites of incisions into galea. NOTE:
Flap expansion at each incision
site.

Postoperative view demonstrates
complete coverage of scalp with
hair-bearing skin.

Postoperative lateral view demon-
strates normal frontal hair line
without donor defect.
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Tensor fascia lata
Latissimus dorsi

Fig. 6-5
(From Mathes, S.].. and Nahai, F.: Plast. Reconstr. Surg. 67(2):178, 1981.)

Fig. 6-6. Latissimus dorsi muscle flap transplantation.

A and B, Fifty-four-year-old man after resection of intracerebral tumor and irradia-
tion. Radiation necrosis of scalp with infected draining sinuses. Previous local
flap had failed.

C, Radiograph of skull.

D, Area of excision outlined.
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Fig. 6-6, cont'd

E, Scalp and necrotic bone resected and dura exposed.

F, Latissimus dorsi muscle flap elevated. Thoracodorsal artery and vein isolated. Ve-
nous branch from serratus anterior dissected (clipped) and used as second vein.
Interposition vein graft required between thoracodorsal vein and recipient neck
vein. Skin graft placed directly over muscle.

Healed scalp several months after operation.

Gr
H
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POSTERIOR SCALP (Figs. 6-7 to 6-8)

Fig. 6-7 Fig. 6-8
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Skin grafts

See anterior scalp

Local flaps

1. See anterior scalp
2. Local flaps are method of choice if available

Distant flaps (Fig. 6-9)

1. Trapezius musculocutaneous flap is distant flap of choice (Fig.
6-10)

2. Latissimus dorsi will reach occipital scalp

3. When distant pedicled flaps are not available, free tissue transplan-
tation is indicated (see anterior scalp)

Trapezius
Latissimus dorsi

Fig. 6-9
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Fig. 6-10. Posterior trapezius musculocutaneous flap for coverage of neck and occip-

itotemporal scalp.

A, Seventy-year-old man with recurrent squamous cell carcinoma of scalp after ra-
diation therapy.

B, Large positive posterior cervical lymph nodes and in-transit metastases are in-
cluded in resection.

C, Defect after excision of tumor and posterior neck dissection.

D, Posterior trapezius flap designed.

E and F, Flap transposed to cover neck dissection and scalp.
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UPPER FACE (Fig. 6-11)

Fig. 6-11

Skin grafts
Split-skin and full-thickness grafts are method of choice
Local flaps (Fig. 6-12)

Temporalis is flap of choice for orbital and maxillary defects
(Fig. 6-14)

Distant flaps (Figs. 6-12 and 6-13)

1. Sternocleidomastoid will reach this area
2. Trapezius is alternative flap for lateral defects (Fig. 6-15)
3. Free tissue transplantation is procedure of choice for massive de-

fects involving sinuses (e.g., frontal, ethmoid, and maxillary)
4. Choice of free flaps

a. Omentum
b. Latissimus dorsi musculocutaneous
c. Gracilis muscle with skin graft
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Temporalis
Sternocleidomastoid

Fig. 6-12

Trapezius

Fig. 6-13

Fig. 6-14. Temporalis muscle flap for upper face cov-

erage.

A, Young male patient has advanced squamous cell
carcinoma involving maxillary skin with bone in-
vasion.

B and C, Resection includes periorbital skin, zygo-
matic arch, superior maxillary bone, and orbital
floor.

D, Temporal muscle flap is transposed into defect.
Muscle is split, and upper portion of muscle used
to cover upper lid defect. Lower muscle is used to
cover maxillary sinus and provide support for or-
bital floor. Skin grafts are placed over muscle.

E, Postoperative view demonstrates stable wound
coverage with use of temporalis muscle flap and
skin grafts. Vision js preserved.

(Cases similar to A and B shown in Mathes, §.]., and Vas-

conez, L.O.: Head, neck and truncal reconstruction with the

musculo-cutaneous flap: anatomical and clinical considera-
tions, Transactions of the VII International Congress of Plas-
tic and Reconstructive Surgery, 1979, Sao Paulo, Brazil,

1980, Cartgraf, pp. 178-182.)
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Fig. 6-14. For legend see opposite page.



Fig. 6-15. Posterior trapezius musculocutaneous flap.
A, Patient has advanced squamous cell carcinoma involving upper and lateral mid-

B,

face. Patient has previously received both chemosurgery and radiation therapy.
Frontal-temporal craniectomy reveals bony invasion with dural involvement.
Dural continuity restored with fascia lata graft ( f). Orbital exenteration also
performed because of tumor invasion into orbital cavity (e).

Design of posterior trapezius musculocutaneous flap for coverage of lateral, up-
per, and midface defect. T-Mc, Design of posterior trapezius musculocutaneous
flaps; e, orbital exenteration defect.

Trapezius musculocutaneous flap covers defect. Carrier muscle is skin grafted.
Carrier muscle is divided and flap inset 6 weeks after extirpative procedure.
Postoperative view demonstrates direct closure of donor defect. Preservation of
anterior trapezius fibers and eleventh cranial nerve preserves function and avoids
drooping of right shoulder.
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LOWER FACE (Fig. 6-16)

Fig. 6-16

Skin grafts

Skin grafts are method of choice for small, shallow defects

Local flaps

Local axial flaps (e.g., nasolabial and cervical flaps) are method of
choice for small to moderate defects

Distant flaps (Figs. 6-17 and 6-18)

1.

2.

Large defects after extirpation surgery for tumors require distant
tissue for coverage

Platysma musculocutaneous flap is flap of choice when local skin
flaps are not available for small defects (Fig. 6-19)
Sternocleidomastoid muscle or musculocutaneous flap will cover
this area

Pectoralis major musculocutaneous flap is flap of choice for com-
posite defects of lower face (Fig. 6-20)

Trapezius musculocutaneous flap is preferred for coverage of the
ear and parotid regions (Fig. 6-21)

Deltopectoral axial flap and latissimus dorsi musculocutaneous flap
are alternatives to 4 and 5

Free tissue transplantation is considered when preceding methods
are not available
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N

Platysma

Sternocleidomastoid

Pectoralis major

Deltopectoral flap Trapezius

Fig. 6-17 Fig. 6-18
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Fig. 6-19. Platysma musculocutaneous flap.

A,

B,

g 0

=

Buccal mucosa and lower face defect after chemosurgery for squamous cell car-
cinoma of oral commissure.

Wound reexcision performed. Left platysma musculocutaneous flap elevated for
transposition to oral cavity for reconstruction of buccal sulcus.

Anterior neck flap elevated for lower face skin coverage. Platysma musculocuta-
neous flap is ready for inset into buccal sulcus.

One-year postoperative examination demonstrates adequate oral lining provided
by platysma skin island with no oral incontinence.

Lateral view demonstrates no donor site deformity. Adequate skin coverage pro-
vided by anterior neck flap.
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Fig. 6-20. Pectoralis major musculocutaneous flap for closure of chin defect and re-

construction of floor of mouth.

, Resultant defect after resection of advanced floor of mouth squamous cell carci-
noma invading mandible and chin. a, palate; b, buccal mucosa.

B, Resected specimen.

C, Pectoralis major flap musculocutaneous elevated.

D, Flap passed beneath neck skin. Skin island folded on itself so part will recon-
struct chin and part will reconstruct floor of mouth.
Portion of skin island beneath lip is deepithelialized (arrow).
Three-month postoperative view. Skin island visualized on chin and floor of
mouth.

G, Donor area closed with thoracoepigastric flap.

>

i

~
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Fig. 6-21. Posterior trapezius musculocutaneous flap.

Defect after resection of preauricular level IV melanoma with associated neck
lymphadenectomy. Coverage required for exposed branches of facial nerve and
reconstruction of large skin defect.

Design of posterior trapezius musculocutaneous flap.

Posterior view of elevated posterior trapezius musculocutaneous flap. NOTE: plane
of dissection between trapezius fibers and rhomboid muscles (R).
Demonstration of relationship of posterior skin island with underlying trapezius
muscle.
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Fig. 6-21, cont’d

E, Posterior trapezius musculocutaneous flap tunneled beneath McFee incisions.
Muscle will simulate absent sternocleidomastoid muscle.

F, Donor defect closed directly. NOTE: Anterior trapezius muscle intact with func-
tion preservation, avoiding shoulder droop.

G, Three-month postoperative view demonstrates stable coverage provided by pos-
terior trapezius musculocutaneous flap. Flap debulking required in future pro-
cedure.
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ORAL CAVITY
Skin grafts

Skin and mucosal grafts are method of choice for small defects with
appropriate recipient site

Local flaps

Axial skin flaps (e.g., nasolabial and tongue flaps) are useful for
small defects

Distant flaps (Figs. 6-22 and 6-23)

1. Platysma musculocutaneous flap is flap of choice for small defects
when local flaps not available (Fig. 6-24)

2. Pectoralis major musculocutaneous flap is flap of choice for exten-
sive defects, particularly with mandibular resection (Figs. 6-25
and 6-26)

3. Posterior trapezius and latissimus dorsi musculocutaneous flaps and
deltopectoral axial flap are alternative flaps

4. Free tissue transplantation
a. Alternative approach for intraoral reconstruction of extensive de-

fects
b. Procedure of choice for immediate reconstruction of mandible
and soft tissues
c. Suitable receptor vessels are a prerequisite
d. Choice of free flap
(1) Deep circumflex iliac flap (iliac bone and overlying skin
based on deep circumflex iliac artery)
(2) Dorsalis pedis flap
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Platysma
Sternocleidomastoid
Pectoralis major
Deltopectoral flap

Fig. 6-22

A SYSTEMATIC APPROACH TO FLAP SELECTION

Trapezius
Fig. 6-23
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Fig. 6-24. Platysma musculocutaneous island flap for coverage of left mandible.
Sixty-eight-year-old woman developed osteoradionecrosis of left mandible after radia-
tion for tongue carcinoma. Previous nasolabial flap for coverage of mandible had
failed.

A, Platysma skin island outlined.

B, Flap elevated.

C, Stable coverage of mandible provided by platysma musculocutaneous flap.



Fig. 6-25

A, Design of skin island for pectoralis major muscu-
locutaneous flap for head and neck reconstruction.

B, Skin island is located in region of inframammary
line to avoid breast deformity in female patient.

C, Skin island is located over inferior margin of pec-
toralis major muscle for use in oral cavity cover-
age.

D, Release of pectoralis major origin and insertion al-
lows transposition of musculocutaneous flap to
head and neck region.

E, The distal flap with skin island is tunneled be-
neath neck skin into oral cavity. Donor defect is
closed directly.



182  APPLICATIONS: HEAD AND NECK

Fig. 6-26. Reconstruction of mandible, intraoral cavity, chin, and neck with pecto-

ralis major musculocutaneous flap, including a portion of vascularized rib.

A Sixty-five-year-old man with advanced squamous cell carcinoma of lip.

B, Invasion of left hemimandible is seen on radiograph.

C, Resultant defect after resection of tumor, which included left hemimandibulec-
tomy, left radical neck dissection, and right suprahyoid dissection.

D, Large pectoralis musculocutaneous flap with vascularized rib is designed.



A SYSTEMATIC APPROACH TO FLAP SELECTION 183

Fig. 6-26, cont’d

E and F, Flap elevated. Arrows point to rib.

G, Rib is wired to mandible (arrow), and skin and muscle are folded over rib and
sutured to oral mucosa.

H, Postoperative result. Donor area closed with thoracoepigastric flap. (Nipple was
excised at later date.)
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ANTERIOR NECK (Fig. 6-27)

Fig. 6-27

Skin grafts

Skin grafts are method of choice when major structures are not ex-
posed

Local flaps (Fig. 6-28)

1. Platysma musculocutaneous flap is flap of choice for small midline
defects (Fig. 6-30)

2. Sternocleidomastoid muscle and musculocutaneous flaps are alter-
native local flaps

Distant flaps (Figs. 6-28 and 6-29)

1. Anterior trapezius musculocutaneous flap is flap of choice for exten-
sive defects of the neck

2. Latissimus dorsi musculocutaneous flap will reach anterior neck
(Fig. 6-31)

3. Pectoralis major musculocutaneous flap is alternative flap (Fig.
6-32)
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Platysma
Sternocleidomastoid
Pectoratis major
Deltopectoral flap

Fig. 6-28

A SYSTEMATIC APPROACH TG FLAP SELECTION

/\

Trapezius
Latissimus dorsi

Fig. 6-29
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Fig. 6-30. Platysma musculocutaneous flap.

A, Adult singer notes unstable skin at site of long-term tracheostomy defect. Design
of platysma musculocutaneous flap demonstrated based on inferior minor pedicle
via transverse cervical artery. D, Site of entry of dominant pedicle (branch of
facial artery); m, site of entry of minor pedicle (branch of transverse cervical
artery).
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Fig. 6-30, cont’d

B, Inferiorly based platysma musculocutaneous flap. NOTE: Design of skin island
beneath left mandible.

C, Platysma musculocutaneous flap tunneled beneath intact anterior neck skin to
tracheostomy defect.

D, Platysma muscle used for coverage for long-term tracheostomy defect.

E, Absence of platysmal contractions in left neck after transposition as flap to mid-
line.



Fig. 6-31. Latissimus dorsi musculocutaneous flap for coverage of lower neck and

chest. Forty-five-year-old woman after chemosurgical excision of basal cell carcinoma

over right clavicle.

A, Right clavicle is exposed.

B, Musculocutaneous flap is elevated and pedicle dissected. Flap tunneled deep to
pectoralis major into neck.

C and D, Stable coverage of lower neck and chest defect provided by latissimus dorsi
musculocutaneous flap.
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Fig. 6-32

A, Design of skin island on pectoralis major musculocutaneous flap for combined
coverage of intraoral and neck defects.

B, Double skin island is established by excision of skin of midportion of flap.

C, Distal skin island is used for coverage of oral cavity defect; proximal skin island
is used for coverage of neck defect. Donor defect is closed directly.
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POSTERIOR NECK (Fig. 6-33)

= -

Skin grafts
Skin grafts are method of choice when vertebral column is not ex-
posed

Local flaps
Local flaps are not applicable in reconstruction of defects of the pos-
tevior neck

Distant flaps (Fig. 6-34)

1. Posterior trapezius muscle or musculocutaneous flap is flap of
choice for extensive defects (Fig. 6-35)
2. Latissimus dorsi is alternative fap
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Trapezius
Latissimus dorsi

Fig. 6-34
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Fig. 6-35. Posterior trapezius musculocutaneous flap.

A, Defect is secondary to osteoradionecrosis of cervical vertebral column, NOTE: Lo-
cal random flaps from left shoulder have failed to provide stable coverage.

B, Resection of nonviable tissue includes arachnoid. NoTE: Underlying radiation ne-
crosis of posterior commissure of cervical cord. a, Arachnoid; b, posterior com-
missure of cervical cord.

C, Fascia lata graft used to restore arachnoid continuity. Design of posterior trape-
zius musculocutaneous flap.

(Cases similar to A and C shown in Mathes, S.]., and Vasconez, L.O.: Head, neck and truncal
reconstruction with the musculo-cutaneous flap: anatomical and clinical considerations,
Transactions of the VII International Congress of Plastic and Reconstructive Surgery, 1979,
Sao Paulo, Brazil, 1980, Cartgral, pp. 178-182.)
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Fig. 6-35, cont’d

D, Posterior trapezius musculocutaneous flap inset into posterior neck defect. Mus-
cle provides coverage of fascia lata graft. Donor defect skin grafted.

E, Three-year postoperative posterior view demonstrates stable coverage for osteo-
radionecrosis of cervical vertebral column.

F, Lateral view demonstrates flap inset. Preservation of anterior fibers of trapezius
muscle provides function preservation and avoids shoulder droop.



HEAD AND NECK

RECONSTRUCTION

Maurice J. Jurkiewicz ® T. Roderick Hester

Understandable is the reluctance of the surgeon to
ablate those features that distinguish the uniqueness
of a person and at the same time destroy function in
a radical effort to extirpate aggressive cancer of the
head and neck, particularly when complete eradica-
tion of the malignancy so often cannot be ensured.
With the advent of the notion of immediate recon-
struction by Edgerton in 1951 and by McGregor,
some of the aversion by surgeons for this necessary
mutilation was removed. Planned reconstruction
could be offered to assuage the terrible grinding de-
bility of oral incontinence and resultant social ostra-
cism. The procedures then available and in use often
required multiple stages; nonetheless, the concept
was a real advance.

In 1963 Bakamjian published a technique for pri-
mary reconstruction of the palate after radical maxil-
lectomy for cancer. He used a modification of a
“compound neck pedicle” described by Owens in
1955. Owens based the flap on the mastoid area of
the neck and incorporated the sternomastoid muscle
not only “to offer additional tissue for increased blood
supply but also to increase thickness and the possi-
bility of subsequent transmitted animation through
nerve supply and neurotization.” With characteristic
insight Bakamjian advised caution at the anatomic
level of the posterior belly of the digastric muscle “to
preserve the functional branches of the occipital ar-
tery and the sternomastoid tributaries to the common
facial and external jugular veins.” Unlike Owens, the
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incisions for the flap as described by Bakamjian are
approximately 2 cm parallel to and beyond the bor-
ders of the muscle as well as a few centimeters be-
yond the clavicle. Clearly Bakamjian recognized the
critical importance of the muscle in the blood supply
of the skin. Without the muscle the flap had to be
delayed. This technique of Bakamjian provided func-
tional closure of a massive oral defect in one stage.
The subsequent description of the deltopectoral flap,
a brillant innovation that provided renewed interest
in the treatment of head and neck cancer, obscured
the hidden principle in the earlier work by Bakamjian
and Owens (i.e., the blood supply of the skin comes
from the muscle).

The deltopectoral flap, based on perforators of the
internal mammary artery, was immediately recog-
nized as a great advance in the treatment of patients
with head and neck cancer. For the past 15 years it
has been the flap that all head and neck surgeons
have used to achieve primary closure after radical ex-
tirpation of cancer of the head and neck.

The deltopectoral flap as described by Bakamjian
in 1965 is based primarily on perforators from the in-
ternal mammary artery via the second, third, and
fourth intercostal spaces. The flap extends from the
clavicle to a point just above the nipple and can be
taken safely without delay to the anterior axillary
line. The flap should be delayed if it is to be carried
lateral to the anterior axillary line. Delay may be nec-
essary, since the blood supply to the skin from
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Fig. 7-1. Deltopectoral flap.

A, Eighty-one-year-old man with carcinoma of left buccal mucosa invading cheek
skin.

B, Composite resection of cheek skin, mandible, and oral mucosa was performed.

C, Defect was reconstructed with deltopectoral flap. Cheek skin was replaced by
flap, and deep surface was grafted with split skin for oral lining.

D, One-year postoperative view demonstrates stable coverage.
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over the shoulder comes from many perforating ves-
sels through the deltoid muscle.

The deltopectoral flap is still a very useful flap in
reconstructive surgery (Fig. 7-1). It is relatively thin,
pliable, and hairless, which are characteristics that
make it useful for external lining. The limitations of
the deltopectoral flap are the following:

1. The arc of rotation is resticted without the

shoulder extension.

2. When this flap is used for intraoral reconstruc-
tion, a temporary orocutaneous fistula is de-
signed. Several additional procedures, including
division of the pedicle and inset of the flap, are
necessary.

Fig. 7-2. Sternocleidomastoid flap.
A, Forty-eight-year-old man with recurrent squamous cell carcinoma of skin invad-
ing orbit.
B, Defect after orbital exenteration, partial maxillectomy, and skin graft.
C, Sternocleidomastoid flap is outlined with skin extending below clavicle.

3. There is an objectionable donor site on the an-
terior chest and shoulder that may be difficult
for women to accept.

Many of these problems can be ameliorated or

eliminated by the use of muscle or musculocuta-
neous flaps.

STERNOCLEIDOMASTOID FLAP

The advances in reconstructive surgery initiated by
the musculocutaneous flap concept prompted the in-
evitable rediscovery of the sternocleidomastoid com-
pound flap. Successive steps in the evolution of the
flap were reported by Owens, Bakamjian, and Little-



wood. Recently the vascular supply of the sternoclei-
domastoid muscle and its cutaneous territory based
either proximally or distally has been described.

The sternocleidomastoid flap has been useful for
intraoral and pharyngeal lining and has also been
used as a carrier of the clavicle as a potentially viable
bone graft for mandibular reconstruction. The mus-
cle has a double origin for the manubrium and clav-
icle and inserts into the mastoid process and superior
nuchal line of the occipital bone. Although the mus-
cle has a segmental pattern of blood supply (type 1I),
a branch of the occipital artery entering the upper
one third of the muscle appears to be the dominant
pedicle. This muscle flap can also be based on a
branch of the thyrocervical trunk that enters the
middle one third of the muscle. A third pedicle, a
small branch of the transverse cervical artery, enters
the muscle near its insertion.

The flap is elevated through incisions parallel to
the anterior and posterior borders of the muscle. The
skin can be safely extended to a point 2 to 3 cm be-
low the clavicle. The skin over the distal one half of
the muscle can be elevated as an island based on the
muscle and used for intraoral or pharyngeal recon-

Fig. 7-2, cont’'d
D, Flap inset.
E, Three-year postoperative view demonstrates stable coverage.
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struction as a single-stage procedure. This flap may
be used to reconstruct the orbit, in which instance
the muscle is temporarily exteriorized and skin
grafted (Fig. 7-2).

PECTORALIS MAJOR FLAP

The pectoralis major musculocutaneous flap ap-
pears to have supplanted the deltopectoral flap as the
primary flap for reconstructive procedures in the
head and neck region. In a case report Brown de-
scribes the use of bilateral island flaps of pectoralis
major muscle to provide primary closure of a huge
defect of the mediastinum and lower neck with ex-
posure of the heart and great vessels that resulted
from the extirpation of extensive cancer. Ariyan sub-
sequently describes the use of the pectoralis major
muscle with its associated skin territory for head and
neck reconstruction. Recent reports have established
the reliability of this muscle unit as a reconstructive
modality for head and neck surgery.

The pectoralis major muscle has a clavicular and
sternal origin with slips from the first seven ribs. Its
insertion is in the bicipital groove of the humerus
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__ Pectoralis
major

Fig. 7-3. Anatomy of pectoralis major. Dotted line represents possible skin incisions

for elevation of flap.

(Fig. 7-3). The dominant pedicle is the thoracoac-
romial artery (Fig. 7-4). A system of secondary seg-
mental perforators from the internal mammary artery
also supplies the muscle medially (type V). The loss
of adduction and medial rotation of the arm after use
of this muscle is well tolerated by the patient with
minimal clinical disability.

Based on the thoracoacromial artery, the pectoralis
major has a wide arc of rotation. The wide arc allows
the use of this muscle or musculocutaneous unit to
reconstruct a variety of head and neck defects. The
useful skin territory is located between the nipple
and sternum over the fifth to eighth ribs (Fig. 7-5).
It should be remembered that any skin taken more
distally is raised as a random portion of the flap and
is potentially at risk.

A variation of the pectoralis major flap that places
the skin portion of the unit more distally in the in-
framammary crease has been described by Ariyan
and Magee. This inferior extension of the skin terri-
tory (skin paddle) increases the arc of rotation (Fig.

7-6). According to Magee, the anatomic basis of this
flap is an arborization of small vessels that extend
over the rectus fascia and supply skin distal to the
pectoralis major (Fig. 7-7). By raising the flap in a
plane deep to the rectus fascia, these vessels are pro-
tected, allowing the more distal placement of the skin
island. The concept is tenuous, and this random por-
tion of skin (skin paddle) may be unreliable.

The flap is most dependable when the skin island
is raised with at least a portion of the skin over the
muscle itself. In elevation of the flap it is always nec-
essary to divide the sternal and humeral attachments.
The vascular pedicle, the thoracoacromial artery, is
visualized as the flap is elevated superiorly and is
preserved as further elevation is accomplished. In pa-
tients who have a radical neck dissection, it is easy to
transpose the pedicle subcutaneously through the
neck. If a neck dissection has not been performed, it
is occasionally more appropriate to leave the muscle
external to the skin. This allows easier later exami-
nation of the neck for possible nodal metastases. If a
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Divided
numeral
attachments

Fig. 7-4. Blood supply of pectoralis major flap.

muscle with its associated vascular pedicle is trans-
posed externally to skin to reach the head and neck
region, the division and revision of the muscle can be
done safely in 4 weeks.

Variations in the design of the pectoralis major
musculocutaneous flap allow its use in the following
situations:

1. External resurfacing of skin of neck and face

(Fig. 7-8)

2. Coverage of orbital defects (Fig. 7-9)

3. Intraoral and pharyngeal lining (Fig. 7-10)

4. Carrier for rib and skin in mandibular recon-

struction (Fig. 7-11)
5. Reconstruction of the esophagus

Flap elevation

The pectoralis major musculocutaneous flap is el-
evated in the following steps:

1. A skin island of appropriate size is designed

generally as an ellipse with a transverse axis

over the fifth rib between the nipple and ster-
num or in the inframammary fold (Fig. 7-5, B).

. A skin island is incised to the anterior surface

of the pectoralis major muscle. The most infe-
rior attachments of the muscle are divided from
the sixth, seventh, and eighth ribs, allowing
cephalad elevation in the retropectoral area to-
ward the fifth and sixth intercostal space. If a
1ib is to be included (Fig. 7-11, E) (usually the
fifth rib), dissection proceeds through the fifth
to sixth intercostal space. Here the intercostal
muscles are divided and the pleura gently dis-
sected away from the undersurface of the fifth
rib. Care is taken not to avulse attachments of
the pectoralis major to the fifth rib. The rib is
then divided with rib cutters medially and lat-
erally, taking enough bone to fill the mandibu-
lar defect requiring reconstruction. The dissec-
tion is then performed superiorly through the

fourth and fifth intercostal space. The plane of
Text continued on p. 208.
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Fig. 7-6. Inferior extension of skin territory of
pectoralis major (pectoralis paddle).

Deltoid
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Rectus
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™
Fig. 7-7. Diagrammatic representation of anatomic basis of ™
inferior extension of skin territory of pectoralis major.
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Fig. 7-8. Sixty-eight-year-old man who underwent chemosurgery
for removal of extensive basal cell carcinoma of upper and lower
lips.

A, Upper lip excision included only external skin; however,
lower lip was full thickness.

B, Skin island based on pectoralis major muscle transposed into
lower lip area as first stage of reconstruction of inner lining
of lower lip. Standard elliptic skin island was used, and donor
defect was closed directly.

C, Skin well healed 1 month after operation when muscle pedi-
cle was divided.

D, Eight-month postoperative view after transfer of two inferi-
orly based nasolabial flaps to provide lower facial coverage.
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Fig. 7-9. Fifty-five-year-old man who underwent total .

maxillectomy and orbital exenteration for carcinoma of Z :

maxillary sinus. His postoperative course was compli- :

cated by development of dural fistula secondary to ero-

sion by prosthetic implant. Closure of defect with pector-

alis major flap was planned.

A, Fascia lata patch sutured into dural defect.

B, Pectoralis major flap dissected and prepared for |
transposition.

C, Transposition of muscular portion of flap into orbit |
followed by insetting of skin along superior orbital &
rim. :

D, Patient 3 weeks later at time of division of flap and |
insetting of skin over dural patch.

E, Well-healed wound several months after operation.
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Fig. 7-10. Seventy-four-year-old woman after

excision of a T3 lesion of floor of mouth and

right radical neck dissection. Mandible was left
intact.

A, Outline of pectoralis skin island for recon-
struction of floor of mouth.

B, Skin island with pectoralis major muscle el-
evated after division of humeral and sternal
attachments of muscle.

C, Rotation of unit into floor of mouth.

D, Skin island well healed in the floor of

mouth several months after operation.
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Fig. 7-11. Reconstruction of mandible with pectoralis fiap, including rib.

A, Sixty-one-year-old man with recurrent squamous cell carcinoma of buccal mu-
cosa invading symphysis of mandible and extending into cheek skin.

B, Extent of chin skin excision outlined. Pectoralis skin island outlined.

C, Resection completed. Pectoralis flap elevated.

D, Elevated flap. Arrow indicates rib.

Continued.
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Fig. 7-11, cont’d
E, Diagrammatic representation of operative procedure.
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Fig. 7-11, cont'd
F, Flap transposed into position. Arrow indicates rib.
G, Early postoperative result shows patient in external fixation device.

H and I, Late postoperative results.
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dissection now returns into the retropectoral
space. Thus the segment of rib, with the pec-
toralis major periosteal attachments, is released
from its chest wall attachments. Although the
idea of a pectoralis major composite flap for
mandible reconstruction is intriguing, a word of
caution is in order. Postoperative fixation, pref-
erably external (Fig. 7-11, G), is mandatory to
allow adequate time for dense fibrous union to
occur. Too early movement at the site of rib-
mandible wiring can result in insufficient
union and infection. There is also risk of pleural
tear at the time of rib elevation, and two of our
patients have required postoperative pleural
drainage. Finally, it should be noted that flap
bulk and inadequate creation of an inferior buc-
cal sulcus can make fitting of postoperative
dentures impossible.

3. The humeral and sternal attachments of the
muscle are divided, allowing transposition into
the neck.

4. The clavicular attachments are divided as re-
quired for adequate arc of rotation to reach the
defect.

The use of the pectoralis major muscle with a dis-
tal skin island provides excellent mandibular cover-
age, especially when used for intraoral lining, and
represents the most common use of this flap. The
common problem of tongue fixation so often seen
when tongue flaps are used to restore intraoral lining
is avoided. Furthermore, the muscle portion of the
flap provides coverage for the associated radical neck
dissection.

The second most common use of the pectoralis
major musculocutaneous flap in head and neck re-
constructive surgery is as a modality for external re-
surfacing of skin of the neck and face. When used
for this purpose, the muscle with its overlying skin
island is transposed exteriorly to the neck. In this in-
stance one does not violate an undissected neck. The
external muscle and its associated pedicle are excised
as a second stage.

When the pectoralis major musculocutaneous unit
is used for coverage of the superior face, as for orbital
coverage, the skin island may be designed vertically
over the anterior surface of the pectoralis major mus-
cle. This design is better suited for external facial
coverage.

The use of the pectoralis major musculocutaneous
unit for esophageal reconstruction or as a carrier for
skin and bone for mandibular reconstruction repre-
sents an alternative modality for use in reconstructive
surgery. Microsurgical composite tissue transplanta-
tion must be considered as the procedure of choice
for immediate reconstruction of these defects.

Latissimus

LATISSIMUS DORSI FLAP

Although not as convenient as the pectoralis major
flap, the latissimus dorsi flap may have a less signif-
icant donor defect, especially in women. The use of
this flap for various problems in head and neck re-
construction has been described.

The latissimus dorsi muscle originates from the
lower six thoracic vertebrae and inserts into the in-
tertubercular groove of the humerus. This muscle re-
ceives its blood supply from the thoracodorsal artery
in the shoulder girdle region and segmental second-
ary perforators in the posterior midline (type V). Its
wide anterior superior arc of rotation based on the
thoracodorsal artery allows use of this muscle for
head and neck reconstruction,

dorsi

Skin
island

Fig. 7-12. Latissimus dorsi skin island for head and
neck reconstruction.



Flap elevation

A skin island of appropriate size to cover the defect
is designed over the inferior one third of the muscle,
usually over the tenth, eleventh, and twelfth ribs
(Fig. 7-12). Based on the numerous musculocuta-
neous perforators, the size and shape of this skin is-
land can vary depending on reconstructive require-
ments, providing the upper part of the island is over
the muscle itself. If needed, a random distal skin ex-
tension can be used to increase its arc of rotation.

The skin island is then incised to muscle, and the
remaining skin elevated off the muscle medially and
laterally. The medial, lateral, and inferior attach-
ments of the muscle are divided and the muscle dis-

Defect
Skin
island
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sected proximally. In most instances the pedicle is
mobilized and the humeral insertion of the muscle
divided for easier transposition and to increase the
arc of rotation. The unit is transposed externally to
the pectoralis major muscle or, if necessary, through
a tunnel in the retropectoral space (Fig. 7-13). This
unit has its greatest application in head and neck re-
construction surgery for defects of the posterior neck
and shoulder. This musculocutaneous unit can also
be used for intraoral and pharyngeal reconstruction.
Although in many instances the latissimus dorsi flap
is not as convenient as the pectoralis major in recon-
structive head and neck surgery, it is a very useful
unit, and the donor site is acceptable.

Fig. 7-13

A, Transposition of latissimus dorsi into neck over
pectoralis major muscle.

B, Transposition of latissimus dorsi into neck under
pectoralis major muscle.
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TRAPEZIUS MUSCULOCUTANEOUS FLAP

The trapezius musculocutaneous flap has a defi-
nite role in head and neck reconstruction. Although
it is less widely used than the pectoralis major mus-
culocutaneous flap, its superior location on the upper
posterior trunk and neck with its impressive anterior
arc of rotation makes its potential use in this area
obvious. The muscle originates from the occipital
bone and from the lateral processes of the seventh
cervical and all thoracic vertebrae. The medial and
inferior fibers of the muscle can be used for transpo-
sition without significant clinical loss of function.
The primary blood supply originates from the trans-
verse cervical artery, a branch of the subclavian ar-
tery (type II). The artery enters the muscle at the
base of the neck and divides into ascending and de-
scending branches. Ascending branches may occa-
sionally arise as a separate branch of thyrocervical
trunk. The transverse cervical artery courses be-
tween the sternocleidomastoid muscle and scalenus
anterior muscle and enters the anterior margin of the
muscle. The descending branch of the pedicle ex-
tends inferiorly along the deep surface of the muscle
between the vertebral column and scapula. Its skin
territory based on musculocutaneous perforators ex-
tends between the spine and scapula and is the basis
for a vertically designed, superiorly based flap. This
muscle with overlying skin may extend 15 cm below
the inferior border of the scapula. This musculocu-
taneous unit can also be designed in a lateral position
on the superior edge of the muscle parallel to the
clavicle. This modification in design is based as a
skin territory with underlying muscle on the ascend-
ing branch of the transverse cervical artery.

The vertically oriented posterior flap has been eas-
ier to transpose, and the donor defect is more accept-
able. This flap is most useful in instances where
other flaps, such as deltopectoral and pectoralis ma-
jor muscle flaps, have failed to provide adequate cov-

erage. For this reason the posterior trapezius muscu-
locutaneous unit has primarily been used as a sec-
ondary flap in reconstructive head and neck surgery
(Fig. 7-14).

Flap elevation

The skin island is located on the inferior aspect of
the trapezius muscle. It is designed between the ver-
tebral column and the scapula with its vertical axis
extending between the midscapula and the inferior
origin of the muscle. The skin territory may be ex-
tended inferiorly over the territory of the latissimus
dorsi muscle as a random flap extension when nec-
essary to achieve an extended arc of rotation for this
muscle unit. The skin is incised to the posterior sur-
face of the trapezius muscle. The medial muscle fi-
bers of origin are divided, and the flap is elevated to-
ward the base of the neck. At the level of the tip of
the scapula, care must be taken to separate the an-
terior surface of the trapezius muscle from the rhom-
boid muscles. At this level the fibers of insertion into
the scapula are divided. Further proximal flap dissec-
tion will depend on the required arc of rotation. If the
flap is designed for reconstruction of defects of the
anterior face, then the flap is elevated to the level of
the base of the neck. This requires further division of
fibers of insertion into the acromioclavicular joint.
When possible, the fibers between the base of the
skull and the acromioclavicular joint are left intact,
thus preserving the trapezius muscle function. It
must be cautioned that knowledge of the status of
the transverse cervical artery is required before this
flap is elevated for use in head and neck reconstruc-
tive surgery. When there is doubt in regard to possi-
ble division of this vascular pedicle associated with a
prior radical neck dissection, then angiography must
confirm the presence of this artery before flap eleva-
tion is undertaken. The donor defect is generally
closed directly.

Fig. 7-14. Sixty-eight-year-old woman who underwent total laryngectomy and partial
pharyngectomy followed by 6000 R of radiation for carcinoma of larynx 5 years earlier
developed pharyngocutaneous fistula that has been present for 5 years. Two previous
attempts at closure with pectoralis major flaps have failed.

, Fistula in right neck.

mopw»

Skin flaps elevated around fistula to be turned in for mucosal lining.

Vertically oriented posterior trapezius musculocutaneous flap outlined.

Flap transposed into area of defect.

Wound is well healed several months later. Patient was able to eat 2 weeks after

operation. T, Tracheostomy site.



. 7-14. For legend see opposite page.

Fig
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Summary

The use of muscle and musculocutaneous flaps
has simplified and enhanced the capability of sur-
geons to reconstruct defects of the head and neck.
By incorporation of the skin territory with its under-
lying muscle, the surgeon can complete the recon-
struction of these patients in one stage. The pectora-
lis major muscle is now used more widely than the
deltopectoral axial flap in intraoral and pharyngeal
reconstruction, because the stage of planned oral cu-
taneous fistula can be avoided, and the flap can be
raised without delay with great reliability. The latis-
simus dorsi and trapezius muscles are also useful
flaps and find their greatest applicability in second
and third reconstructive failures.

MICROSURGICAL COMPOSITE TISSUE
TRANSPLANTATION

Although this chapter primarily covers the use of
transposition of musculocutaneous flaps, no discus-
sion of current head and neck reconstructive tech-
niques would be complete without the mention of the
role of microsurgical composite tissue transplanta-
tion. Two specific procedures should be mentioned
that show promise of becoming standard methods of
reconstruction. Very often the use of microsurgical
composite tissue transplantation is associated with
the simultaneous use of muscle and musculocuta-
neous flap transposition for head and neck recon-
structive surgery.

MANDIBULAR RECONSTRUCTION

Mandibular reconstruction continues to be a chal-
lenge whether after trauma or the surgical extirpa-
tion of tumors. The use of vascularized rib and clav-
icle transposed with muscle shows some promise but
may be associated with significant failure and com-
plication rates. Recent reports describe successful
transplantation of vascularized iliac bone based on
the deep circumflex iliac artery for mandibular re-
construction. The advantage of this method appears
to be the use of iliac crest, which has a better shape
and consistency, for mandibular reconstruction than
does rib. The fact that the tissue is well vascularized
both by periosteal and endosteal circulation improves
the ability of this transplanted tissue to resist infec-
tion and radiation. In many instances the properly
tailored iliac bone is inset more easily than a segment
of rib transposed in association with a muscle flap.
Preliminary data indicate rapid bony union using this
approach of microvascular surgery to accomplish
mandibular reconstruction.

HYPOPHARYNX AND CERVICAL-
ESOPHAGEAL RECONSTRUCTION

Hypopharynx and cervical-esophageal reconstruc-
tion after tumor extirpation represents a difficult re-
constructive problem not easily solved by standard
flap transposition techniques. Although both the del-
topectoral flap and the pectoralis major musculocu-
taneous flap have been successfully used to reconsti-
tute the continuity of the upper gastrointestinal tract,
recent experience with the use of free jejunal trans-
plantation now represents the treatment of choice for
this reconstructive problem (Fig. 7-15). In an expe-
rience with 30 free jejunal transplantations, only one
immediate technical failure and one late failure re-
lated to infection have been noted. The use of free
jejunal transplantation is often associated with the
use of either the axial deltopectoral flap or musculo-
cutaneous flap transposition from simultaneous soft
tissue and skin coverage.

Technical technique

The following are steps in performing free jejunal
transplantation:

1. Tumor extirpation and neck dissection are com-
pleted. During this time a branch of the exter-
nal carotid artery and a branch of the external
jugular vein are marked and preserved as recip-
ient vessels.

2. A mini-laparotomy is performed, and a segment
of jejunum is removed. The segment with a
prominent artery and vein is identified and the
approximate jejunum excised. Jejunal continu-
ity is reestablished and the abdomen closed.

3. The donor vessels to the jejunum are prepared
for microvascular anastomoses. An end-to-end
microanastomosis is generally performed be-
tween the artery and vein of the jejunum and
recipient vessels previously preserved in the
neck.

4. Skin closure is completed, or when required,
pectoralis major musculocutaneous or deltopec-
toral flap transposition completes a soft tissue
and skin coverage.

The use of jejunal transplantation is indicated in
the following head and neck reconstructive situ-
ations:

1. Massive resection of laryngopharynx when re-
section may extend into the oropharynx and in-
volve a large portion of the cervical esophagus

2. Patients with radiation failure when the laryn-
gopharyngectomy is required

3. Patients for secondary reconstruction of the hy-
popharynx or cervical esophagus in whom
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Fig. 7-15. Reconstruction of esophagus with free jejunal trans-
plantation.

A,

Sixty-two-year-old man who 5 years previously had under-
gone laryngectomy and radiation for carcinoma of larynx.
Spontaneous pharyngocutaneous fistula persists despite
attempt at closure with right sternocleidomastoid flap.
Isolated jejunal segment.

Revascularized jejunum is sutured into esophageal defect.
Radiated skin flaps would not close directly, therefore
meshed split graft is applied directly over mesentary and
bowel.

Three-month postoperative view shows fistula closed and
skin grafts healed. Patient swallowing with no difficulties.

Continued.
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Fig. 7-15, cont’d
F, Close-up shows stable skin graft coverage of jejunum.
G, Barium swallow 1 year after esophageal reconstruction.



other methods have failed because of flap ne-
crosis or radiation

. Patients in whom pharyngeal closure has re-
sulted in a stricture that is not responsive to di-
lation

. Patients with loss of large amounts of intraoral
or pharyngeal lining

Conclusion

The use of axial and musculocutaneous flaps and

microsurgical composite tissue transplantation has
simplified and greatly improved reconstructive efforts
in a wide variety of head and neck problems. These
procedures are basic; refinements are now required
to simplify the reconstructive effort. Closure of a mas-
sive compound wound is now possible in one stage.
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HEAD AND NECK

The complications associated with extirpative sur-
gery and irradiation in the head and neck region have
not been eliminated by muscle flap reconstructions.
Orocutaneous fistula, abscess, and carotid rupture
may result from flap failure.

PECTORALIS MAJOR
Planning errors

Prior radiation therapy or operative injury is un-
likely to have affected the blood supply to the pecto-
ralis major. However, the patient’s blood pressure
should be checked in both arms to rule out any prox-
imal vascular obstruction resulting from atheroscle-
rotic disease or thoracic outlet syndrome, which may
affect the patency of the thoracoacromial artery.

Careful attention must be given to the size and lo-
cation of the skin island for the pectoralis major mus-
culocutaneous flap (Fig. 8-1). In women the island is
best placed in the inframammary area to avoid signif-
icant donor defect with breast and nipple-areolar dis-
tortion. In obese patients or in women with large,
ptotic breasts, the flap may be too bulky for intra-
oral use.

Fig. 8-1. Pectoralis major musculocutaneous flap will
not reach skull defects. NOTE: Loss of superior aspect
of cutaneous island of flap (arrows).

218



The resultant donor defect must be taken into ac-
count in planning the pectoralis major musculocuta-
neous flap (Fig. 8-2). Loss of the anterior axillary fold
may be avoided by leaving the lateral fibers of the
muscle and the medial pectoral nerve intact. Prob-
lems with donor site healing over the ribs or costal

Fig. 8-2

COMPLICATIONS 219

cartilages may occur. For a large island of skin, a flap
from the abdomen may be required for closure of the
secondary defect. If rib is included, adequate skin or
muscle flap coverage of the rib defect over the pleura
is essential.

A, Vascularized rib with pectoralis major musculocutaneous flap.
B, Failure of donor site to heal after pectoralis major musculocutaneous flap with
vascularized rib. Local flap required for donor site closure.
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Fig. 8-3

A, Site of inset of pectoralis major musculocutaneous flap.

B, Esophagram reveals traction deformity of midcervical esophagus caused by adhe-
sions with pectoralis major musculocutaneous flap used for head and neck re-
construction. Release of these muscular adhesions relieved dysphagia.

Technical errors

The most common technical errors with the pec-
toralis flap involve injury to the vascular pedicle. It
may be damaged by direct trauma or by excessive
twisting or tension. The thoracoacromial pedicle en-
ters the muscle on its deep surface 2 cm below the
clavicle at the anterior border of the pectoralis minor
muscle. By dissecting from the distal border to the
proximal border and following the anterior border of
the pectoralis minor, the pedicle is easily identified
and preserved. All proximal dissection must be done
under direct vision, or the pedicle may be damaged.

The pectoralis major muscle, with distal skin over
the rectus fascia, is based on perforators from the dis-
tal pectoralis muscle that must be preserved for skin
island survival. Suturing the dermis to the rectus fas-
cia is a safeguard to prevent disruptive sheering
forces. Ribs based on the pectoralis major muscle will
survive as vascularized bone only if the periosteal
vessels between muscle and rib are preserved.

Tunneling, twisting, and tension may all contrib-
ute to flap failure with the pectoralis major. The tun-
nel must be wide enough so that there is absolutely
no pressure on the pedicle. For intraoral reconstruc-
tion, in which the pedicle is rotated 180 degrees, fur-
ther twisting of the muscle or a spiral rotation may

compromise flap survival. Tension on the pedicle is
avoided by correct preoperative design and skin is-
land placement so that the skin will reach the defect
without traction on the muscle. If this is not possible,
careful mobilization of the pedicle, preferably under
magnification, will allow an extra 3 to 4 cm of reach.
If the skin island will not reach the defect because of
inadequate flap length, it is best to remove the skin
island and use the muscle with a skin graft.

When the pectoralis major muscle is used as a car-
rier for the skin island external to the neck skin,
muscle division must be delayed, depending on the
status of the extirpative wound. Muscle division and
flap inset are performed 3 to 4 weeks after extirpation
for uncomplicated wounds or longer, 6 to 8 weeks,
for irradiated wounds. If the muscle bulk of the
transposed muscle within the neck is excessive, or if
muscle contractions are objectionable, the muscle
may be divided or debulked, leaving the vascular pe-
dicle intact at similar postoperative intervals (Fig. 8-
3).

Postoperative errors

Appropriate positioning will facilitate venous drain-
age and avoid vascular constriction. Constrictive
neck dressings are avoided.



TRAPEZIUS
Planning errors

The most commeon error in planning the trapezius
musculocutaneous flap relates to its blood supply.
The dominant vascular pedicle, the transverse cervi-
cal artery, is located in the neck and may have been
divided during prior surgery. If prior pedicle division
may have occurred, and alternative flaps are not
available, a preoperative angiogram should be ob-
tained.

If the anterior trapezius is used, the flap is based
on its segmental secondary blood supply from the oc-
cipital artery. The skin portion is less reliable, and
flap delay may be considered. Elevation of the ante-
rior trapezius muscle results in functional loss.

Technical errors

The underlying rhomboid muscles are intimately
associated with the trapezius muscles. Dissection is
performed from the distal border to the proximal
border to avoid inadvertent elevation of both mus-
cles. Dissection below the rhomboid muscles will
lead under the scapula. Since elevation of the poste-
rior trapezius flap allows function preservation, the
branches of the eleventh nerve to the intact anterior
fibers must be preserved.

If the trapezius is used as a carrier for a skin island
external to the neck, flap division must be delayed,
depending on the status of the extirpative wound.
Muscle division and flap inset are performed 3 to 4
weeks after extirpation for uncomplicated wounds
and longer, 6 to 8 weeks, for irradiated wounds.

Postoperative errors

Appropriate positioning will facilitate venous drain-
age and avoid vascular constriction. Constrictive
neck dressings are avoided.

TEMPORALIS
Planning errors

The proximal bulk of the temporalis muscle may
produce a bulge if it is transposed over the zygomatic
arch. Distally it is thin, and this differential in thick-
ness must be considered preoperatively. The donor
defect following transposition may leave a marked
depression in the temporal fossa that is noticeable in
the bald patient. This deformity is corrected with a
Silastic implant.

Technical errors

The temporal and zygomatic branches of the facial
nerve are close to the temporalis muscle near the zy-
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gomatic arch, and injury to these nerves must be
avoided. The internal maxillary artery is deep to the
arch at the level of the sigmoid notch and could be
injured during dissection in this region.

Postoperative errors

Pressure dressings are avoided to prevent flap
compression.

STERNOCLEIDOMASTOID
Planning errors

Extirpative procedures within the neck may re-
quire removal of either the sternocleidomastoid mus-
cle or its vascular pedicles. Therefore previous neck
surgery or concurrent lymphadenectomy may pre-
clude the use of this flap. If the width of the skin
island extends beyond the margins of the muscle,
neck closure is compromised, leaving vital structures
exposed.

Technical errors

Major vascular structures are located beneath the
sternocleidomastoid muscle, including the carotid ar-
tery and internal jugular vein. Both the spinal acces-
sory and hypoglossal nerves are located in proximity
to the superior muscle belly.

Postoperative errors

Appropriate positioning will facilitate venous drain-
age and avoid vascular constriction. Constrictive
neck dressings are avoided.

PLATYSMA
Planning errors

The arc of rotation of the platysma muscle is lim-
ited to the lower lip and buccal sulcus. The size of
the skin island should allow direct closure of the do-
nor defect.

Technical errors

The platysma is a very thin muscle and may ac-
tually be missed in the dissection. Meticulous tech-
nique, precise hemostasis, and identification of the
muscle distal to the skin island are critical technical
points for successful flap elevation. Excessive twist-
ing, turning, or tension will lead to flap failure.

Postoperative errors

Excessive pressure or constriction within the tun-
nel or tight external dressings will lead to flap failure.
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ANTERIOR THORAX

O

A SYSTEMATIC APPROACH
TO FLAP SELECTION

Stephen J. Mathes ® Foad Nahai

ANTERIOR CHEST (Fig. 9-1)

Fig. 9-1



A SYSTEMATIC APPROACH TO FLAP SELECTION

Skin grafts

Skin grafts are method of choice for coverage of soft tissue defects
where vital structures are not exposed

Local flaps (Fig. 9-2)

Pectoralis major is flap of choice for mediastinal coverage

Distant flaps (Figs. 9-2 and 9-3)

1.

1o

w

Latissimus dorsi musculocutaneous flap is flap of choice for anterior
chest wall defects (Figs. 9-4 and 9-5)

Thoracoepigastric axial flap is alternative flap

Rectus abdominis muscle or musculocutaneous flap is flap of choice
for the inferior mediastinum

Omentum is alternative flap

Composite tissue transplantation rarely indicated

Pectoralis major
Rectus abdominis
Thoracic epigastric flap Latissimus dorsi

Fig. 9-2 Fig. 9-3
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Fig. 9-4. Latissimus dorsi muscle flap for reconstruction of Poland’s syndrome.

A, Preoperative view of patient with congenital absence of inferior two thirds of pec-
toralis major muscle. This patient lacks anterior axillary fold and normal right
chest projection.

B, Preoperative view demonstrates normal right latissimus dorsi muscle. No hand
anomalies noted.

C, Anterior half of latissimus dorsi muscle elevated through midaxillary incision.

D, Arc of rotation of latissimus dorsi muscle.
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Fig. 9-4, cont’d

E, Anterior postoperative view 1 vear alter chest wall reconstruction.

F, Active contraction of anterior transposed latissimus dorsi muscle noted.

G, Postoperative oblique view of reconstructed anterior chest.

H, Preserved innervated posterior fibers of latissimus dorsi muscle preserve func-

tion.
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Fig. 9-5. Latissimus dorsi musculocutaneous flap. Radiation necrosis of chest wall

after radical mastectorny and radiation for breast cancer.

A and B, Sixty-seven-year-old diabetic patient with radiation necrosis and resultant
chest wall defect.

C, Denervated latissimus dorsi flap with prior ligation of thoracodorsal artery. Flap
elevated based on vascular connection between latissimus dorsi and serratus an-
terior muscle (branch of thoracodorsal artery to serratus anterior).

D, Flap coverage of radiation ulcer.
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STERNUM (Fig. 9-6, A)
Skin grafts

Skin grafts are not applicable in reconstruction of the sternum

Local flaps (Fig. 9-6, B)

Pectoralis major muscle flap is flap of choice for superior three
fourths of exposed anterior mediastinum (Figs. 9-7, 9-8, 9-11, and
9-12)

Distant flaps (Fig. 9-6, B)

1. Rectus abdominis muscle flap is flap of choice for inferior fourth of
exposed anterior mediastinum (Figs. 9-9 to 9-12)

2. Latissimus dorsi musculocutaneous flap is alternative flap for upper
mediastinum

3. Omentum is alternative flap

Pectoralis major
Rectus abdominis
Thoracoepigastric flap

Fig. 9-6



{
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Fig. 9-7. Pectoralis major muscle flap for closure of sternal defect.

, Infected mediastinal wound.

Wound debrided.

Bilateral pectoralis major flaps elevated on internal mammary artery.
Pectoralis major split in two transversely.

Flap sutured.
Wound closed directly. NOTE: Preservation of anterior axillary fold.

D
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Fig. 9-8
A, Mediastinal wound dehiscence with exposure of superior two thirds of anterior

mediastinum.
B, Transposition of bilateral pectoralis major muscle as turnover flaps provide cov-

erage.
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-
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N
Fig. 9-9
A, Mediastinal dehiscence with exposure of inferior one third of anterior medias-
tinum.

B, Transposition of superior-based rectus abdominis muscle flap provides coverage.
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Fig. 9-9, cont’d

C, Position of internal mammary artery in relationship to sternum is demonstrated.
NOTE: Injury to internal mammary artery precludes use of rectus abdominis su-
perior—based flap. a, Internal mammary artery; b, superior epigastric artery.
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Fig. 9-10. Rectus abdominis muscle flap. Sternal dehiscence following open heart
surgery with infected lower sternum.

A and B, Open wound.

C, Débridement includes infected sternum.

D and E, Flap elevated.
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Fig. 9-10, cont’d
F, Flap sutured into defect.
G, Skin closed directly over flap. Six-month postoperative view of patient.
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Fig. 9-11. Pectoralis major and rectus abdominis muscle flaps.

A, Mediastinal wound dehiscence with exposure of entire anterior mediastinum.

B, Transposition of both bilateral pectoralis major muscle flaps and rectus abdominis
is necessary to provide coverage in one operation.

Fig. 9-12. Pectoralis major and rectus abdominis muscle flaps.
A and B, Infected open mediastinum with exposed heart,
great vessels, and saphenous bypass grafts.



Fig. 9-12, cont'd

C,
D,

Wound debrided.

Bilateral medially based pectoralis major flaps based on segmental perforators
have been elevated. Left rectus abdominis flap elevated. RP, Right pectoralis
major muscle; LP, left pectoralis major muscle; LR, left rectus abdominis mus-
cle.

Flap sutured to obliterate defect. RP, Right pectoralis major muscle; LP, left
pectoralis major muscle; LR, left rectus abdominis muscle.

Postoperative view of skin closed directly over muscle.

Preservation of anterior axillary folds with intact lateral pectoral muscle fibers
innervated by medial pectoral nerve.



ANTERIOR THORAX

RECONSTRUCTION OF
THE CHEST WALL

Phillip G. Arnold

Chest wall defects have long challenged the cre-
ativity of reconstructive surgeons. The choice of pro-
cedures for reconstruction of the chest wall depends
on four main considerations: the size, location, and
thickness of the defect and the condition of the sur-
rounding tissues. A well-vascularized piece of tissue
must be used in all cases, especially if the surround-
ing tissues have been irradiated and are relatively is-
chemic secondary to the associated obliterative en-
darteritis that accompanies this form of therapy.

Large random flaps, tubed flaps, and the trans-
posed greater omentum have been used successfully
in chest reconstruction. The omentum has been a re-
markably dependable tissue to use in radiation in-
jury, particularly if a full-thickness defect is not pres-
ent. It brings in a new, nonradiated blood supply that
readily attaches itself to the excised wound and will
accept and support an overlying skin graft,

Muscle and musculocutaneous flaps have also pro-
vided exceedingly useful methods of chest wall re-
construction. Muscles tend to maintain a rigidity if
not denervated. They can also be voluntarily con-
tracted to increase this rigidity. They also readily
nourish underlying bone grafts to produce a more
structurally sound reconstruction.

Some of the larger and more useful muscles for
chest wall reconstruction include the latissimus
dorsi, pectoralis major, trapezius, and external

236

oblique. These may be used as muscle flaps alone or
as musculocutaneous flaps, depending on the size
and location as well as the depth of the defect. The
two most frequently used muscles are the latissimus
dorsi and pectoralis major.

LATISSIMUS DORSI

The latissimus dorsi is a muscle that is particularly
suited for use in reconstruction of large midline, both
front and back, defects and breasts after mastectomy.

History

D’Este in 1912 described Tansini’'s method of
transposing a superiorly based flap of latissimus dorsi
and overlying skin for immediate reconstruction of
the mastectomy defect. Hutchins in 1939 also re-
ported using the latissimus dorsi muscle to close the
mastectomy defect, hoping to prevent edema of the
ipsilateral upper limb and to stimulate the excised
pectoralis major muscle. Campbell in 1950 reported
using this muscle to reconstruct several large tho-
racic defects and very clearly pointed out its major
blood supply and axis of rotation. He used the muscle
for full-thickness chest wall defects, nourishing a fas-
cia lata graft beneath it and a skin graft on its sur-
face, as did Davis in 1949.

Desprez closed large meningomyeloceles of the



thoracolumbar region with bipedicle flaps augmented
by the trapezius and latissimus dorsi muscles.

Mendelson and Masson used a large latissimus
dorsi musculocutaneous flap in the treatment of se-
vere radionecrosis of the shoulder with excellent suc-
cess. Then the blood supply to the muscle was fur-
ther elucidated.

Bostwick and co-workers reported 60 examples of
utilization of the latissimus dorsi muscle as a func-
tional muscle transfer (to restore elbow flexion) for
arm and shoulder coverage and breast reconstruction
and as a free flap.

Anatomy

This large muscle and its overlying skin, as well as
the skin just anterior to the muscles, are supplied by
the two terminal branches of the subscapular vessels
(Fig. 10-1). The thoracodorsal vessels enter the mus-
cle on its deep surface approximately 10 cm from its

Subscapular

artery ,
d
Branch to ‘\3
/0

serratus anterior /i
Thoracodorsal

Fig. 10-1
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insertion into the humerus. There is also a large vas-
cular branch going to the serratus anterior muscle
that may be divided when moving the latissimus
dorsi muscle. The blood vessels actually going di-
rectly to the muscle fibers are within the muscle it-
self and are well protected, except in the upper axilla
just as the thoracodorsal artery enters the muscle.
This makes elevation and mobilization of this struc-
ture a relatively safe maneuver. The latissimus dorsi
muscle with its overlying skin may be transposed an-
teriorly across the midline of the chest or posteriorly
or superiorly over the shoulder, depending on where
the defect is located (Fig. 10-2).

Operative procedure

Flap elevation is usually started at the anterior bor-
der of the muscle. The presence of a functional, nor-
mal-size muscle before the operation has generally
been all that is required to ensure a “safe” flap. The

Continued.

A to C, Anterior and posterior views of vascular anatomy of latissimus dorsi muscle
based on thoracodorsal neurovascular leash. NOTE: Distal branches of thoracodor-
sal artery supply serratus anterior muscle. Cadaver dissection of same.

(B and C from Mendelson, B.C., and Masson, ]J.K.: Treatment of chronic radiation injury
over the shoulder with a latissimus dorsi myocutaneous flap, Plast. Reconstr. Surg. 60[5]:681,

1977.)
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o

A and B, Arc of rotation of latissimus dorsi muscle or musculocutaneous unit for
anterior and posterior thoracic defects.

Fig. 10-2
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Fig. 10-3

A, Seventy-year-old woman with radiation ulcer of left axilla and anterior chest pre-
sent for several months.

B, Latissimus dorsi musculocutaneous flap elevated.

C, Latissimus dorsi musculocutaneous flap elevated and ready for transposition.



entire muscle may then be elevated with blunt dis-
section over to the lateral border of the paraspinous
muscles through which two rows of perforating ves-
sels enter the muscle. The latissimus dorsi muscle
has been transposed on these vessels (Chapters 10
to 17).

The elevated muscle (with or without overlying
skin) may then be transposed to the anterior chest
wall and the donor site closed (Figs. 10-3 and 10-4).
If the defect is on the shoulder, the same flap may be
rotated 180° to cover this area.

Large, posterior midline defects may be readily
covered with bilateral latissimus dorsi skin-muscle
flaps, using the technique described by McCraw in
closing meningomyeloceles in infants. Using this
principle, for even larger defects, a large bipedicled
flap of each half of the chest and back may be ele-
vated and advanced to the midline. The donor areas
from the axillary line are skin grafted, if necessary.
These problems may arise in patients with spinal
cord injuries from trauma or tumor surgery with or

Fig. 10-3, cont’d

D, Latissimus dorsi musculocutaneous flap transposed and inset into defect follow-
ing excision of radiated area.

E, Appearance 3 weeks after operation.
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without subsequent irradiation (Fig. 10-5). This pro-
cedure has the added advantage of using the large
muscle and its overlying skin by only changing the
origin of the muscle and thus creating no loss in
function. This is an important consideration in the
paraplegic patient who needs this muscle for turning
and transfering (Chapter 12).

Breast reconstruction after mastectomy is a partic-
ularly suitable situation to use this musculocuta-
neous unit, as described by Schneider and beautifully
demonstrated by Bostwick and co-workers (Chapter
14).

Precautions

If a previous thoracotomy has been done, the via-
bility of the distal portion of the muscle is question-
able. The overlying skin of this portion is even more
tenuous, and at this time I would hesitate to use this
without some secondary procedure available. Fluo-
rescein, of course, answers this question at the oper-
ating table, in my experience.
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Fig. 10-4

A, Young woman with bilateral breast carcinoma with large amount of skin involve-
ment over right breast. Treatment plan included mastectomies with postoperative
irradiation.

B, Right mastectomy defect.

C, Defect closed with latissimus dorsi musculocutaneous flap and radiation started
3 weeks after operation.
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Fig. 10-4, cont’d

D, Donor defect following transposition of latissimus dorsi musculocutaneous flap
defect.

E and F, Appearance of wound 3 months after radiation therapy with no limitation of
motion.
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Fig. 10-5

A, Elderly man after irradiation of thoracic spine for metastatic tumor. Present
wound resulted after removal of sequestrum of osteomyelitis and radiation-dam-
aged skin.

B, Bilateral latissimus dorsi musculocutaneous flaps are elevated, and muscle-to-
muscle closure is accomplished over spine as separate layer. In this case all of
wound was closed directly.

C, Several months after closure with healed wound and bilaterally functioning latis-
simus dorsi muscles.



PECTORALIS MAJOR
History

The transposed pectoralis major muscle for closure
of a chest wall defect has been described by Pickrell.
Sisson uses this muscle based on its medial blood
supply by placing it in the mediastinum after ex-
tended radical laryngectomy to prevent erosion of the
great vessels. In 1968 Hueston and McConchie used
a musculocutaneous flap of the pectoralis major
muscle to successfully close a manubrial defect. In
1977 Brown and co-workers used bilateral pectoralis
major muscle flaps with split-thickness skin grafts to
close an anterior chest wall defect and demonstrated
the excellent mobility of these muscles if the hu-
meral attachment is divided. We have more recently

_—

Blood suptho =
pectoralis major
(pectoral branch of
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used this muscle with autogenous bone grafts and
skin grafts to close and maintain chest wall stability
in large anterior chest wall defects. Ariyan beautifully
demonstrates the versatility of this muscle as a mus-
culocutaneous flap for reconstruction in the head and
neck.

Anatomy

The pectoralis major muscle receives its primary
blood supply from the thoracoacromial vessels that
enter the deep surface about two thirds of the way
along the clavicle. The medial and lateral pectoral
nerves enter at this same level (Figs. 10-6 to 10-8).
There are perforators from the internal mammary
vessels that supply the muscle medially and have

thoracoacromial artery)

Fig. 10-6

A and B, Cadaver dissection of pectoralis major muscle.

(From Armnold, P.G., and Pairolero, P.C.: Use of the pectoralis major muscle to repair defects
of the anterior chest wall, Plast. Reconstr. Surg. 63[2]:205, 1979.)
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Fig. 10-7
A and B, Pectoralis major muscle reflected, demonstrating large thoracoacromial vas-
cular leash that is its dominant blood supply.

(From Arnold, P.G., and Pairolero, P.C.: Use of the pectoralis major muscle to repair defects
of the anterior chest wall, Plast. Reconstr. Surg. 63[2]:205, 1979.)

Fig. 10-8. Humeral attachment of pectoralis major muscle is divided, demonstrating
ease with which it may be rotated and transposed beyond midline of upper thorax.

(From Arnold, P.G., and Pairolero, P.C.: Use of the pectoralis major muscle to repair defects
of the anterior chest wall, Plast. Reconstr. Surg. 63[2]:205, 1979.)



been the basis of some of the earlier uses of this mus-
cle. This muscle has been used to move skin and soft
tissue to the head and neck region based on its thora-
coacromial blood supply. This discussion will deal
only with chest wall repair using this muscle. It is
most useful for the upper midline defects that have
presented difficult closure problems in the past with
tumor resections, radiation injury, and median ster-

Fig. 10-9
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notomy wound problems. It has been equally useful
for persistent empyema and bronchopleural fistulae
in the upper lobes.

Operative procedure

The defect to be closed may be created by the ex-
cision of infected or irradiated tissues or the result of
an en bloc through-and-through resection of a por-

A to C, Forty-five-year-old man with enlarging upper sternal and manubrial mass
noted for past 1 year. Anterior and cross-sectional views of specimen, which in-
cluded clavicles, manubrium, and upper one fourth of ribs bilaterally with diagno-
sis of grade 2 chondrosarcoma with histologically free margins.

(AtoC, FtoH, and J to L from Arnold, P.G., and Pairolero, P.C.: Mayo Clin. Proc. 53:54,
1978; E and I from Arnold, P.G., and Pairolero, P.C.: Use of the pectoralis major muscle to

repair defects of the anterior chest wall, Plast. Reconstr. Surg. 63[2]:205, 1979.)

Continued.
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Defect opened
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Fig. 10-9, cont'd

D and E, Thoracic defect following excision of tumor demonstrating mediastinal
structures and the right and left lung, which are expanded.

F, Anterior bony thorax is reconstructed with autogenous rib grafts secured by a
rabbet joint.

G, Right pectoralis major muscle (patient was left-handed) mobilized with humeral
attachment divided.

H to J, Muscle transposed and sutured into position with direct skin closure.



tion of the chest wall containing a neoplasm. Once
the histologic examination of the margins is complete
and satisfactory, the situation may be assessed as to
the feasibility of using one or both pectoralis muscles.
If the defect is small enough to be closed with one
muscle, the nondominant muscle should be chosen.

If the full-thickness defect includes the upper one
half or more of the sternum, the anterior bony thorax
should be reconstructed before soft tissue closure
(Fig. 10-9, A to E). This can be done with autoge-
nous rib grafts (usually removed through a separate
thoracotomy incision) (Fig. 10-9, F). These can then
be placed across the bony defect and the ends of the
graft and recipient ribs tailored to form a marrow-to-
marrow rabbet joint and secured with stainless steel
wire (Fig. 10-9, G).

The actual dissection of the muscle is usually be-
gun medially through the defect. The muscle is dis-
sected free of the overlying skin or breast tissue and
the underlying chest wall. The dissection is carried
laterally until the lateral border of the pectoralis ma-
jor is identified, and a second small incision is made
in the anterior axillary fold. The pectoral fascia is dis-
sected free of the pectoralis minor and the anterior
chest wall by blunt dissection. The clavicular attach-

Fig. 10-9, cont’d

K and L, Appearance of patient 7 months after operation.
He had resumed his normal physical activities of daily

running and swimming.
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ments are divided, taking care not to injure the tho-
racoacromial vessels and pectoral nerves. The hu-
meral attachment is divided last through a separate
incision over the inferior shoulder, since it maintains
tension that facilitates the previous dissection. The
muscle is now virtually an island based on the thora-
coacromial neurovascular bundle and may be rotated
and advanced (counterclockwise on the right, clock-
wise on the left) medially to span the defect.

The transposed muscle may be draped over the rib
grafts or over the debrided chest wall wound and su-
tured to stable structures around the defect (Fig. 10-
9, H to L). Care should be taken to preserve the an-
terior pectoral fascia during the initial dissection so
that a strong piece of fascia will be present to suture
at this point rather than only “red” muscle that will
not hold sutures as well. Appropriate thoracostomy
tubes are placed before final closure of the muscle.

If the anterior chest skin and soft tissue are not
widely resected, they may be closed by direct suture
over the transposed muscle and bone graft. If there
is a cutaneous defect, then the muscle may be skin
grafted with no loss in anterior chest wall stability,
provided the bony thorax has been reconstructed and
stabilized (Fig. 10-10). Meshed skin graft (1.5 to 1)

A
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Fig. 10-10

A, Sixty-year-old woman 2 years after excision of papillary carcinoma of thyroid with
reexcision in manubrial area followed by 6000 R with recurrence of her tumor in
irradiated field.

B, Upper one half of sternum, clavicles, and upper five ribs excised with heart and
great vessels at base of defect.

(A and C to E from Arnold, P.G., and Pairolero, P.C.: Use of the pectoralis major muscle to
repair defects of the anterior chest wall, Plast. Reconstr. Surg. 63[2]:205, 1979.)
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Fig. 10-10, cont’d
C, Left pectoralis major muscle elevated on its thoracoacromial leash with humeral

attachment divided and autogenous rib graft placed across thoracic defect.

D, Pectoralis major muscle inset, closing bilateral chest defect and covering medias-
tinal structures, and autogenous grafts with a vascularized flap.

E, Appearance of chest wall 5 months after operation.
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is placed directly over the muscle. Generally speak-
ing, the patient may be extubated in the operating
room or certainly by the following morning with no
difficulty. The muscle may be used in the same
manner to attend to problems from infected median
sternotomy wounds (Chapter 11) (Figs. 10-11 and
10-12).

The muscle may be easily used as a carrier for a
large area of skin of the anterior chest wall. This is
particularly helpful in head and neck defects. How-
ever, a skin graft placed over the transposed muscle
seems acceptable for midline defects and avoids sig-

Pectoral branch of/i’\]//
thoracoacromial artery ,/

Pectoralis minor”

nificant distortion of the breasts. In very large defects
that cannot be closed with bilateral pectoralis major
muscle flaps, musculocutaneous flaps can be used
for closure.

Precautions

Care should be taken in dividing the humeral at-
tachment of the pectoralis major muscle. The bra-
chial plexus, vessels, and cephalic vein should be
avoided, and, in my opinion, this is accomplished
more safely through a separate incision in the up-

per arm.

Fig. 10-11. For legend see opposite page.
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Fig. 10-11

A to C, Fifty-year-old man with positive mediastinoscopy for squamous cell carci-
noma with no known primary some 2 years after irradiation. Wound illustrated
resulted from median sternotomy done under emergency conditions for pericardial
tamponade secondary to pericardiocentesis for further investigation. Wound was
several months old with persistent drainage and no healing.

D, Wound was debrided widely as were edges of sternum that were reapproximated
with large wire sutures. Silicone drainage catheter was placed in retrosternal posi-
tion and brought out through separate wound superiorly.

E and F, Left pectoralis major muscle was mobilized, elevated, transposed, and only
partially closes defect.

(From Arnold, P.G., and Pairolero, P.C.: Use of the pectoralis major muscle to repair defects
of the anterior chest wall, Plast. Reconstr. Surg. 63[2]:205, 1979.)
Continued.
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Fig. 10-11, cont’d
G and H, Defect closed by elevation of remaining pectoralis major muscle obtaining
good closure and appropriate bed for skin graft as well as coverage for underlying
irradiated sternum.
I, Appearance of wound 4 months after bilateral pectoralis major muscle flaps with
skin grafts.



RECONSTRUCTION OF THE CHEST WALL 255

PREOPERATIVE

.

Fig. 10-12

A and B, Thirty-nine-year-old man after coronary bypass surgery with postoperative
infection requiring 12 subsequent drainages and excisions, resulting in total ster-
nectomy and excision of costochondral cartilages. Anterior chest was entirely flail
with no skeletal structures anteriorly and only scarred and epithelialized tissue
over heart and great vessels.

C, Scarred area was excised and three rib grafts placed across to reconstruct ante-
rior bony thorax.

(From Arnold, P.G., and Pairolero, P.C.: Use of the pectoralis major muscle to repair defects

of the anterior chest wall, Plast. Reconstr. Surg. 63[2]:205, 1979.)
Continued.
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Fig. 10-12, cont'd

D, Basic plan here is to convert median tie beam-type of structure to that of Quonset
hut.

E, Left pectoralis major muscle elevated, transposed, and sutured to opposite pec-
toralis major muscle for anterior chest wall stability and coverage for bone grafts.
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POSTOPERATIVE

Fig. 10-12, cont'd
F, Skin edges were closed by direct suture.

G, Appearance of anterior chest wall 7 months after operation with reconstruction of
bony thorax and protection to heart and great vessels.
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TRAPEZIUS
History

As early as 1889 Manchot described numerous
vascular territories, including the posterior neck and
upper posterior back. These included territories of
the occipital, scapular, and suprascapular arteries.

Fig. 10-13

Almost 50 years earlier Mutter had used a flap from
the nape of the neck to relieve some burn scar con-
tractures. In 1957 Zovickian* repaired pharyngeal
fistulas with a similar flap. In 1979 McCraw and co-
workers reported using the upper portion of the tra-
pezius muscle to augment a standard Mutter flap,

A and B, Fifty-year-old woman after radical mastectomy and radiation with 18-
month history of persistent radiation ulcer at lower neck and upper chest. Pecto-

ralis major muscle is not present.



thus creating a trapezius musculocutaneous flap.
This was used primarily for head and neck recon-
struction after tumor resections but can be used to
close upper anterior and posterior chest defects.

Anatomy

The muscular component of this musculocuta-
neous flap is the upper portion of the trapezius mus-
cle. The muscle is present under the proximal one
half of the flap. The distal one half is skin, subcuta-
neous tissue, and fascia (Fig. 10-13). It may be from
6 to 10 cm wide and 18 to 30 cm long, which is ba-
sically a 3:1 ratio.

Operative procedure

The flap may be outlined and elevated, beginning
distally with skin and deep fascia. The suprascapular

Fig. 10-14
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artery and branches of the transverse scapular artery
may be encountered and divided during this eleva-
tion. A large branch of the eleventh nerve to the tra-
pezius enters the muscle laterally and superiorly.
Again, when the dissection does not have to be car-
ried proximally to this level as just mentioned, there
is less danger of injury to this nerve. One of the ma-
jor contributing arteries to this flap is the occipital
artery, which is also very proximal and in a safe lo-
cation.

The amount of proximal dissection is related to
where the axis of rotation of that particular flap must
be for adequate transposition. If the arc of the flap
must be increased, the flap may be delayed (Fig. 10-
14, A to D). This would seem reasonable if the mea-
surements exceeded the 3:1 ratio or if there were
other unfavorable local circumstances such as pre-

A, “Extended” trapezius musculocutaneous flap is outlined and delayed.
B, Posterior view of trapezius muscle and general outline of skin it will “carry” with-

out delay.

Continued.
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Fig. 10-14, cont’d
C and D, Flap is elevated and viability confirmed with fluorescein. Defect is excised
and flap rotated into defect. Donor site is partially closed and then skin grafted.

E and F, Anterior and posterior view of healed wound 6 months after operation.

vious radiation or dissection. In reference to the chest
wall, this flap would seem most useful in covering
the contralateral shoulder or the ipsilateral upper
chest. The donor site must frequently be grafted
(Fig. 10-14, E and F).

Precautions

When elevating the flap in a distal-to-proximal
fashion, care should be taken to include the upper
portion of the trapezius muscle with the flap.

EXTERNAL OBLIQUE
History

In 1922 Farr reported using randomly based por-
tions of upper abdomen and lower chest musculofas-
cial units to close abdominal hernias. He comments

that “it would seem desirable to use, whenever pos-
sible, a transplant of fascia or fascia and muscle com-
bined where circulation is not entirely cut off.” In
1953 Lesnick used the external oblique based medi-
ally to close a lower abdominal wall defect following
excision of a large abdominal wall malignancy that
was unresponsive to radiotherapy. Hershey in 1964
reported using a musculocutaneous flap to close a
large upper abdominal-lower thoracic defect follow-
ing excision of a large hemangiopericytoma.

Anatomy

The external oblique muscle is the largest and
most superficial of the four muscles of the anterior
abdominal wall. It originates from the inferior outer
surface of the fifth to twelfth ribs. The origin from
the fifth to ninth ribs interdigitates with the serratus
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Fig. 10-15. External oblique muscle in its normal anatomic position on right and
elevated on left showing intercostal blood supply.

(From Hodgkinson, D, and Arnold, P.G.: Br. J. Plast. Surg. 33:216, 1980.)

anterior and, from the tenth to twelfth ribs, with the
latissimus dorsi. Thus the origin slopes caudally and
dorsally. The muscle inserts into the anterior half of
the outer lip of the iliac crest and becomes aponeu-
rotic as it passes forward to the linea alba, thus form-
ing a portion of the inguinal ligament. The cranial
portion of the fibers blends with the inferior fibers of
the pectoralis major. The vascular supply of this
muscle is from branches of the intercostal and lum-
bar arteries. The intercostal vessels run between the
transversus abdominis and the internal oblique (Fig.
10-15). They give off branches to the external
oblique that pierce the internal oblique as the vessel
runs forward to finally terminate with epigastric ves-
sels in the rectus sheath.

Cadaver dissections show that these vessels vary
considerably in size and are not constant. They ap-
pear to be larger the higher up the abdominal wall
and more posteriorly. Perforating vessels traverse the
external oblique to go to the skin and subcutaneous
fat. The lateral cutaneous branches of the intercostal
vessels arise from the costal segment and go directly
to the overlying skin. These also may be inconsistent

in size and position but generally do travel forward to
also terminate with the epigastric system.

The muscle alone or the muscle and skin in tan-
dem can be transposed safely as long as a wide base
is maintained.

Operative procedure

The chest wall defect to be closed with this muscle
should be in the lower aspect of the chest (Fig. 10-
16, A to D). Exposure of the muscle is through a
vertical midline abdominal incision. The external
oblique is then elevated by incising the lateral aspect
of the rectus sheath where it is firmly attached. This
gives a strong edge with which to maintain tension
of the muscle during dissection and an excellent
“cuff” for suturing the transposed muscle into the
chest wall defect after the muscle is transposed. The
rectus sheath is simply closed by direct suture after
the external oblique is elevated. The muscle may be
easily elevated posteriorly to the posterior axillary line
where perforating vessels will be found entering the
muscle. The inferior attachments of the muscle to

the inguinal ligament and iliac bone can be divided
Text continued on p. 266.



Fig. 10-16

A and B, Chest wall defect in 35-year-old woman after radiation therapy for Hodg-
kin’s lymphoma. Ulcerated defect has been present over 2 years, with no other
clinical, chemical, or radiologic evidence of her disease.

C, Defect after excision of infected irradiated wound, including lower chest wall
(full thickness), anterior portion left hemidiaphragm, and upper abdomen.

D, Close-up of defect demonstrating comunication with left chest as well as blood
supply to external oblique muscle.

(From Hodgkinson, D. J., and Arnold, P.G.: Br. J. Plast. Surg. 33:216, 1980.)
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Fig. 10-16, cont’d

E and F, Muscle and skin elevated as separate layer, since muscle is to be transposed
to higher level on chest wall than skin. Portion of lateral rectus fascia is left at-
tached to muscle to be transposed, which is finer piece of tissue to suture than
muscle alone. (It is preferable to move these tissues together as musculocutaneous

unit unless their separation is necessary to obtain proper wound closure.)
Continued.
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Fig. 10-16, cont’d

G, Muscle is transposed into thoracic defect beneath edge of skin and skin flap
ready to be transposed.

H and I, Donor site in groin and lower abdomen may be closed by direct suture or
split skin graft as situation dictates.

J, Three-month postoperative view.



RECONSTRUCTION OF THE CHEST WALL 265

A
7 ——=Incision
% Ny Inguinal ligament
\3 ! \ /
) A
- \
P

Fig. 10-16, cont’d. For legend see opposite page.
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under direct vision, leaving a large posteriorly based
flap. The overlying abdominal wall skin may be
moved with the muscle as a musculocutaneous flap
or separately as a skin flap or may simply be replaced
in its normal position (Fig. 10-16, E and F). If the
chest wall defect is larger than the overlying defect
(Fig. 10-16, C and D), it may be advantageous to sep-
arate the skin and muscle, since they will be trans-
posed to different levels (Fig. 10-16, G). The donor
site may be partially or totally closed by suture and
split skin grafts, depending on the presence and lax-
ity of the lower abdominal and groin skin (Fig. 10-
16, H to J). Suction catheters are used under the
proximal portion of the muscle. The average patient
may be extubated in the operating room or the fol-
lowing morning usually with no respiratory difficulty.

Precautions

Preservation of the internal oblique and transver-
sus abdominis muscles is required to avoid hernia
formation at donor site.

SUMMARY

No single method is the obvious solution for diffi-
cult problems in chest wall reconstruction. The re-
constructive surgeon should have muscles high on
his list of alternatives when planning these projects.

The disability following utilization of these mus-
cles, with or without the overlying skin, has been
small and seems to be well worth the “trade” in vir-
tually every case. We have used the latissimus dorsi
muscle as a musculocutaneous unit even in the ab-
sence of the pectoralis major muscle on the ipsilat-
eral side without significant disability. This seems
unusual but most fortunate. On two occasions I have
mobilized and transposed the latissimus dorsi mus-
culocutaneous flap on a muscle that was denervated.
The muscle was atrophic, but the vessels were pres-
ent, and the patients had no problems with flap via-
bility. This has been confirmed by others.

The greater omentum has been very useful in
chest wall problems, particularly in radiation sores
and in partial-thickness defects. It does not provide
the structural stability that muscles do and would not
be my first choice if appropriate muscles were avail-
able. It may be most helpful in “salvage” situations
where muscle flaps or laterally based flaps have been
used and failed for some reason.

The latissimus dorsi and pectoralis major muscles
are two excellent sources of large portions of tissues
both with and without their overlying skin. The tra-
pezius and external oblique muscles may be most

helpful for smaller but special situations and would
not be used as frequently as either the pectoralis ma-
jor or latissimus dorsi muscles in chest wall recon-
struction.
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RECONSTRUCTION OF THE STERNUM

Jack Fisher m David K. Bone m Foad Nahai

Fig. 11-1. Extensive sternal wound infection with as-
sociated mediastinitis. Reconstructive requirements
are débridement and vascularized flap coverage.

INFECTED MEDIAN STERNOTOMY

Median sternotomy has become the incision of
choice for most intracardiac procedures since its in-
troduction in 1957. It is a simple and rapid technique
that provides excellent exposure. Complications as-
sociated with median sternotomy are relatively infre-
quent, varying from 0.5% to 5.0%. When complica-
tions do occur, there is significant morbidity and
mortality. Complications associated with median ster-
notomy include sternal dehiscence, mediastinitis, in-
fection of cardiotomy incisions, infection in im-
planted prosthetic material, and chronic infection of
the sternum and costal cartilages. The sternal dehis-
cence is usually associated with an infective process,
and once infection is established in the sternum, it
may be difficult to eradicate.

The bacteria associated with infection of the me-
dian sternotomy vary. A significant number are re-
lated to gram-negative organisms. Gram-positive or-
ganisms have also been cultured from these wounds,
including Staphylococcus epidermidis. Anaerobic in-
fection of a sternal wound has also been reported.
Occasionally negative cultures are reported, and this
may be related more to poor culture technique than
absence of bacteria.

Several factors associated with an increased risk of
infection after median sternotomy have been identi-
fied. These factors include prolonged operative time,
postoperative hemorrhage requiring reexploration,
prolonged mechanical ventilation, and chronic lung
disease.

269
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The diagnosis of sternal dehiscence and associated
mediastinal infection is based on the presence of fe-
ver, wound erythema with drainage, and sternal in-
stability (Fig. 11-1). Typically the onset of this com-
plication is seen 7 to 21 days after operation. Late
presentations may occur with chronic forms of osteo-
myelitis and chondritis.

METHODS OF TREATMENT
The open technique

The open technique consists of débridement of the
infected wound and sternum, followed by open pack-
ing and delayed secondary healing. Although this is
a simple technique, it has numerous disadvantages.
This method is associated with high mortality, re-
quiring prolonged hospitalization and recovery pe-
riod. Since the mediastinum remains open for an ex-
tended period, this technique is frequently associated
with complications such as graft or myocardial hem-
orrhage, pyogenic graft thrombosis, respiratory em-
barrassment with prolonged ventilation, and trache-
ostomy. The open mediastinum appears to be less tol-
erated when compared to other areas of the body
with open, granulating wounds.

The closed technique

The closed technique for management of infected
median sternotomy wounds consists of débridement,
primary closure, and continuous antibiotic irrigation
via catheters. The components of this method as de-
fined by Spencer are the following:

1. Exploration of the entire sternal incision once
the diagnosis is made
Débridement of the sternum and mediastinum
Insertion of irrigation and drainage catheters
Reapproximation of the sternal edges with wire
Antibiotic irrigations for 7 to 14 days
. The use of appropriate systemic antibiotics

Thls technique has been modified somewhat with
the use of povidone-iodine (0.5%), which has the ad-
vantage of being both bactericidal and fungicidal. It
also does not have the severe ototoxicity and neph-
rotoxicity associated with the classical neomycin
polymyxin irrigation solutions.

This method is effective in the majority of cases
with limited sternal or mediastinal involvement.
However, this method is less effective with advanced
or extensive infection, and it is in these cases that
muscle flap coverage may be necessary.

& T g 10

Muscle flap coverage technique

The muscle flap coverage method is discussed in
detail later in this chapter and only indications for its
use will be briefly mentionied here.

This technique is appropriate for patients recalci-
trant to débridement and closure with continuous an-
tibiotic irrigation. It is also appropriate as initial treat-
ment in patients with significant involvement requir-
ing extensive débridement of the sternum and adja-
cent costal cartilages. Primary closure is impossible
in these cases when removal of all or part of the ster-
num is required.

Omental flap coverage technique

For completeness, a discussion of the methods of
treatment of sternal dehiscence and infection must
mention the use of the omentum. The sternal inci-
sion is extended over the abdomen, and the greater
omentum is identified. It is dissected free of the
stomach and brought up into the chest with its blood
supply based on either gastroepiploic vessel. This
technique brings healthy, vascular tissue into the
chest. Its major disadvantage is the possible contam-
ination of the abdomen from the infected median
sternotomy wound and the added risk of a lapa-
rotomy.

Indications for muscle flap coverage

There are two primary indications for the use of
muscle flaps for median sternotomy dehiscence with
associated mediastinitis. In the first group are pa-
tients in whom conventional treatment, consisting of
débridement and closure with antibiotic irrigations,
has failed. These patients are at great risk and re-
quire aggressive therapy for salvage. In the second
group are patients with significant sternal infection
requiring extensive débridement of sternum and cos-
tal cartilages because of the extent of the infective
process (Fig. 11-2, A). In these cases rewiring of the
sternum is impossible, and significant dead space re-
sults after débridement (Fig. 11-2, C).

Muscle flaps bring healthy, vascular tissue into a
heavily contaminated area and obliterate a potentially
large dead space (Fig. 11-2, C to E). The sternum
and adjacent costal cartilages have a relatively poor
blood supply, enhancing their susceptibility to infec-
tion. Even after aggressive débridement and copious
irrigation, the wound remains contaminated. Trans-
posing healthy muscle with its rich blood supply ap-
pears to dramatically improve the ability of this
wound to heal.

Selection of appropriate muscle flaps

The pectoralis major muscles, with a rectus ab-
dominis muscle when necessary, provide excellent
coverage of wounds after débridement for sternal in-
fection and dehiscence.

The blood supply of the pectoralis major muscle
consists of a dominant pedicle from the thoraco-
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Fig. 11-2

Forty-nine-year-old man 6 weeks after coronary artery bypass procedure with
open infected median sternotomy incisions. NOTE: Multiple exposed sternal wires.
Diagram of infected median sternotomy wound with exposed sternal wires before
débridement.

Sternal wound immediately after débridement. All sternal wires and nonviable
sternal edges have been removed.

Continued.

Skin margin



Fig. 11-2, cont’d

D, Bilateral pectoralis major muscle flaps based on perforating vessels from internal
mammary artery. Left pectoralis major muscle is divided into two separate flaps
(a and b), allowing superior half to be placed above and inferior half below con-
tralateral muscle (c).

E, Both pectoralis major muscles folded on themselves into sternal defect. Left pec-
toralis major has been divided and placed above (a) and below (b) right pectoralis
major muscle flap (c¢). Lower portion of defect is covered with rectus abdominis
muscle based on the superior epigastric artery. Rectus abdominis muscle was
divided at level of umbilicus and removed from rectus sheath and folded on itself.

F, Patient 8 months after closure.
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Fig. 11-3. Diagram of anatomy and blood supply of pectoralis major and rectus ab-

dominis muscles.

acromial artery laterally and multiple perforating
branches of the internal mammary artery medially
(type V) (Fig. 11-3). The insertion of the muscle is in
the bicipital groove and the origin from the clavicle,
sternum, and first seven ribs. The pectoralis major
muscle may be transposed medially based on either
of its vascular supplies. To transpose the muscle
based on the thoracoacromial vessel, both the origin
and insertion are divided. This requires dividing the
multiple perforating branches of the internal mam-
mary artery that enter the muscle medially along its
origin. Once the muscle is completely mobilized, it
can be advanced medially into the sternal defect.

The other method, using the pectoralis major mus-
cle based on its medial blood supply from perforating
vessels of the internal mammary artery, appears bet-
ter suited for closure of sternal defects. Here, the
dominant vascular pedicle arising from the thora-
coacromial artery is ligated after the muscle insertion
in the humerus has been divided. The muscle is then
dissected off the chest wall and folded on itself into
the sternal defect (Fig. 11-4). The muscle based on
its medial blood supply allows for greater fill of the
sternal defect while requiring less dissection (Fig.
11-5). In small defects of the sternum, a single pec-
toralis major muscle or a portion of one may suffice.
Usually, however, both pectoralis major muscles are
required.

Often, after adequate débridement a portion of the
defect remains inferiorly that cannot be covered by
the pectoralis major muscles. Here, the rectus ab-

dominis muscle, based on the superior epigastric ar-
tery, is dissected out of the rectus sheath and folded
on itself. This muscle is divided at or just below the
umbilicus and is transposed into the lower portion of
the sternal defect.

Using both pectoralis major muscles and a single
rectus abdominis muscle, it is possible to cover the
entire mediastinum (Fig. 11-6).

Technical considerations

Fever, wound drainage, and sternal instability in-
dicate possible diagnosis of sternal dehiscence and
mediastinal infection. Early aggressive therapy is re-
quired. When the infective process is localized to the
skin and subcutaneous tissue, opening of the wound
superficially with drainage may be successful. How-
ever, when the infection involves the sternum and
mediastinum, the entire wound must be opened. In
many patients débridement with closure and contin-
uous antibiotic therapy will suffice. However, there
are patients who will require more aggressive ther-
apy, and it is for these patients that muscle flap cov-
erage is presented.

Technique

Successful coverage of a median sternotomy infec-
tion, with or without associated mediastinitis, re-
quires thorough and aggressive débridement (Figs.
11-2, C and 11-6, B). The first step consists of exci-
sion of the wound margins down to the level of the
sternum. Next the sternal wires, which are usually
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Fig. 11-4. Transposition of muscle groups into sternal defect. Left pectoralis major
muscle is based on perforating branches of internal mammary artery. Its dominant
pedicle, thoracoacromial artery, has been divided. Muscle is folded over on itself
after insertion is divided. Right pectoralis major muscle is based on its thoracoacromi-
al vascular pedicle, and insertion in humerus and origin from ribs have been divided.
In both methods access to pectoralis major can be obtained by elevating skin flaps off
prepectoral fascia. In obese patients counterincisions in anterior axillary fold facilitate
division of insertion. Rectus abdominis muscle is divided below umbilicus after rectus
sheath is opened. It is removed from rectus sheath to level of costal margin based on

superior epigastric artery.

Right pectoralis major

Left pectoralis major

Superior epigastric artery
Rectus abdominis
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Fig. 11-5. Transposition of left pectoralis major muscle based on internal mammary
artery perforators. Right pectoralis major muscle based on its thoracoacromial blood
supply. Rectus abdominis muscle based on superior epigastric vasculature.



loose or free, are removed in all areas of involvement.
At times only a limited number of sternal wires re-
quire removal. Typically, to eradicate the extensive
disease, all the sternal wires must be removed. Once
the wires are removed, débridement with rongeurs is
performed until healthy, bleeding sternal edges are
seen. It may be necessary to extend the débridement
into adjacent costal cartilages. This type of radical
débridement is possible, since the transposition of
muscle flaps into these massive defects will provide
adequate coverage.

Once débridement of the sternum is complete, at-
tention is directed to the base of the wound. In this
defect the heart and great vessels are the base.
Therefore little, if any, débridement is undertaken
over these structures. The primary objective is to
open safely any loculated collections of fluid in this
area. A curette is used to gently remove the granu-
lation tissue from the base. Once adequate dé-
bridement is completed, there are two possible ap-
proaches.

If extensive collections of purulent material have
not been encountered, immediate closure with mus-
cle flaps can be performed. If extensive substernal
loculations of purulent material are found, a delay of
several days with frequent dressing changes at the
bedside may be preferred before muscle flap cov-
erage.

With the decision to reconstruct with muscle flaps
made, the operation is begun by elevating skin flaps
off the prepectoral fascia. The elevation of skin flaps
begins along the excised margin of the wound and
proceeds from the medial border to the lateral border.
While the assistant lifts the skin flap with hooks, the
surgeon elevates the skin, staying just superficial to
the pectoralis major fascia with the knife or cautery.
The skin flap is elevated to the lateral edge of the
pectoralis major muscle. As the elevation of the skin
flap proceeds from the medial border to the lateral
border, visualization may become a problem. We
have found the use of the lighted mammary retractor
helpful in this part of the dissection. If both pectoralis
major muscles are required, which is the usual case,
the surgeon changes sides and begins elevation of
the opposite skin flap in the manner already dis-
cussed.

Early in the course of these procedures counterin-
cisions were made in the anterior axillary fold to pro-
vide access for dividing the muscle insertion. This
method has been modified, and the lateral margin of
the muscle near its insertion is divided, using the
lighted mammary retractor. With the retractor ele-
vating the skin flap, the muscle is divided as near
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the insertion as practical with the cautery or heavy
scissors.

Initially in the majority of patients the pectoralis
major muscle was based on its blood supply from the
thoracoacromial artery. In these patients both the in-
sertion and origin were divided, and the muscle was
transposed medially attached only by its vascular
pedicle. The technique now used consists of dividing
the pectoralis major muscle near its insertion and
then dissecting it off the chest wall from the lateral
border to the medial border. As the muscle is folded
onto itself and elevated, the dominant vascular pedi-
cle, the thoracoacromial artery, comes into view just
medial to the pectoralis minor muscle. This vessel is
divided, and medial dissection of the pectoralis major
muscle continues, freeing it from the chest wall. Pro-
ceeding with caution, the dissection continues until
perforating vessels from the internal mammary artery
are seen entering the deep surface of the muscle. At
this point the muscle readily folds into the sternal de-
fect. This procedure is performed on the contralateral
pectoralis major muscle in the same manner. We
have found that using this muscle based on its me-
dial blood supply from internal mammary artery per-
forators provides a better arc of rotation for filling
these sternal defects. In using the pectoralis major
muscle based on its medial blood supply one must be
sure the internal mammary artery has not been used
either as an internal mammary artery bypass or en-
compassed previously in parasternal wire placement.
If the internal mammary has been used or damaged,
then the muscle flap must be based on the thora-
coacromial vessel.

The two transposed pectoralis major muscles are
sutured together in the midline with absorbable su-
ture. Several sutures are placed between the muscle
and defect border to secure the muscle in the sternal
wound. It may be necessary to divide one pectoralis
major muscles, allowing it to interdigitate above and
below with the contralateral muscle, thus providing
greater surface area coverage (Fig. 11-2, D).

In most patients requiring radical débridement of
the sternum, the portion of the wound at or below
the level of the xiphoid process cannot be covered by
the pectoralis major muscles. This lower portion of
the sternal defect can be adequately covered with
rectus abdominis muscle. The sternal incision is ex-
tended to a level below the umbilicus. A skin flap is
elevated off the anterior rectus sheath dissecting
from the medial border to the lateral border until the
lateral border of the rectus abdominis muscle is
reached. Next the anterior rectus sheath is opened
longitudinally over the muscle to the level of the um-
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Fig. 11-6

A,

Sixty-two-year-old woman 4 weeks after coronary artery bypass procedure with
extensive sternal infection and associated mediastinitis. Patient was running a
septic course at time of débridement and required mechanical ventilation.

Large defect after débridgement of entire sternum and adjacent costal cartilages.
Rectus abdominis muscle elevated out of rectus sheath. Muscle was divided 2
cm below umbilicus and elevated up to level of costal margin.

Pectoralis major muscles (a and b) are bilaterally folded on themselves and su-
tured together in midline. They are based on perforating vessels arising medially
from internal mammary artery. Lower portion of wound is covered with rectus
abdominis muscle (c) folded on itself based on superior epigastric vessels. Skin
was closed primarily over muscle flaps.

Both pectoralis major muscles transposed medially based on perforating vessels
from internal mammary artery. Rectus abdominis muscle covers lower portion of
defect based on superior epigastric vasculature. Using both pectoralis major mus-
cles in this manner transposes greatest amount of muscle into defect.
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Fig. 11-6, cont’d. For legend see opposite page.
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bilicus. The muscle is dissected free from the poste-
rior sheath and divided below the level of the umbil-
icus. With traction on the muscle pulling it cephalad,
it is dissected out of the rectus sheath to the costal
margin (Fig. 11-6, C). The vascular supply, the su-
perior epigastric vessel, is seen along the deep sur-
face of the muscle. It must be remembered that the

superior epigastric artery is a continuation of the in-
ternal mammary vessel, and one should be aware of
a previous internal mammary artery bypass in which
the internal mammary has been used. Once the cos-
tal margin is reached, the dissection is completed,
and the muscle is folded on itself into the lower por-
tion of the sternal defect (Fig. 11-6, D). The rectus

Fig. 11-7

A, Thirty-four-year-old man 1 month after five-vessel coronary artery bypass. Pa-
tient developed sternal infection with dehiscence and on seventh postoperative
day underwent sternal débridement with closure over irrigation catheters with
continuous Betadine irrigation. Cultures grew Staphylococcus epidermidis. Pa-
tient also developed Candida septicemia, and by third postoperative week ster-
num was again unstable, and patient required extensive débridement. Sternal
wound was packed open. On twenty-eighth postoperative day patient bled from
right ventricle and one of coronary artery bypass grafts. He was taken immedi-
ately to operating room where hemorrhage was controlled.

B, Massive defect was closed with combination of flaps including greater omentum
(c), rectus abdominis muscle (b), and left pectoralis major muscle (a). Because
of previous procedures right pectoralis major muscle was not available. Muscles
and omentum were covered with split-thickness skin graft.



abdominis muscle is sutured to the pectoralis major
muscles with absorbable suture. The anterior rectus
sheath is then closed in an appropriate fashion.
After the muscles are sutured in position, large-
bore drainage catheters are inserted into the medi-
astinum and subcutaneously. The skin is closed
primarily in the majority of cases (Fig. 11-2, F).

Right pectoralis major

Thoracotomy

Fig. 11-7, cont’d

C, Closure with pectoralis major, rectus abdominis, and greater omentum.

D, Patient after closure with left pectoralis major and rectus abdominis muscles and
greater omentum covered with split skin graft.
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However, if inadequate skin is present, the muscles
can be covered with split-thickness skin grafts
(Fig. 11-7).

After the operation the patient is maintained on
appropriate antibiotic coverage with the drainage
catheters connected to continuous suction. The sub-
cutaneous drain is removed, usually by the second

Left pectoralis major
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postoperative day, while the catheters beneath the
muscle flaps remain until the third or fourth postop-
erative day. Depending on the patients’ status, he or
she is mobilized from bed as early as tolerated.

RESULTS

The incidence of significant infection involving the
median sternotomy incision is fortunately low. How-
ever, infections involving this incision can result in
excessive morbidity and mortality if not treated ag-
gressively and successfully. In most patients ade-
quate débridement followed by closed continuous an-
tibiotic irrigation can produce a successful outcome.
Previously those patients not responding to the closed
irrigation technique were managed by open packing
with its associated high morbidity and prolonged hos-
pitalization. In these unfortunate patients, who were
recalcitrant to conservative therapy or had disease too
extensive for closure, we have had excellent results
using the described muscle flap procedure.

In over 35 patients morbidity and mortality have
been low. Specifically one patient died as a result of
mediastinal infection despite adequate débridement
and muscle flap closure. This death was attributed to
multiple system failure. In two patients significant
donor site hematomas were encountered, requiring

Right pectoralis major

Superior epigastric artery

Rectus abdominis —

0134449 931+

immediate exploration and evacuation. In both pa-
tients the bleeding was in the pectoralis major donor
site.

Following débridement and closure with muscle
flaps there is an immediate improvement in the pa-
tient’s overall status. Specifically pulmonary function
was dramatically improved, and patients previously
on mechanical ventilation were extubated early in
the postoperative course. This is attributed to in-
creased stability of the chest wall.

The shortened period of hospitalization is another
factor associated with the muscle flap technique. Pa-
tients treated previously by more conservative meth-
ods averaged 2 months or more of hospitalization af-
ter the diagnosis of sternal dehiscence. In over 35
patients in whom muscle flap coverage was per-
formed, the average hospitalization from time of pro-
cedure to discharge was approximately 10 days.

The technique of muscle flap closure should be
available to all surgeons involved with the devastat-
ing complications of mediastinal wound dehiscence
and infection after open heart surgery. The type
V pattern of blood supply to the pectoralis major
enables the reconstructive surgeon to design flaps
to suit the reconstructive need of a given defect
(Fig. 11-8).

Portion of pectoralis major based on
internal mammary artery perforators

Fig. 11-8. Multiple possible variations in reconstruction of stemal defect. Small por-
tion of left pectoralis major muscle is transposed on its internal mammary perforating
vessels and interdigitated with contralateral pectoralis major muscle based on its
thoracoacromial vessel. Rectus abdominis flap is used to cover inferior part of defect.
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COMPLICATIONS

Foad Nahai m Stephen J. Mathes

ANTERIOR CHEST

Muscle flaps have facilitated the reconstruction of
difficult chest wounds. Complications specific to this
area may occur.

PECTORALIS MAJOR
Planning errors

Patients undergoing chest wall reconstruction may
have underlying respiratory or cardiac insufficiency.
Preoperative evaluation and stabilization of these
problems are essential. Cardiopulmonary bypass
should be available for reconstruction of mediastinal
defects. Primary bone grafting after débridement of
infected sternal wounds should be avoided.

The pectoralis major may be based either on its
dominant vascular pedicle from the thoracoacromial
axis or on its secondary segmental blood supply for
the internal mammary artery. Based on its secondary
segmental blood supply from the internal mammary
artery, the flap will cover a great surface area of the
mediastinum. However, damage to internal mam-
mary vessels by previous surgery or the costochon-
dral infection may necessitate transposition of the
muscle based on the thoracoacromial artery. Alter-
native flaps are generally required for closure of in-
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ferior defects of the sternum (e.g., rectus abdominis
and omentum).

Technical errors

The thoracoacromial pedicle may be damaged in
mobilizing the clavicular portion of the pectoralis ma-
jor. This portion of the dissection is performed under
direct vision. Inadequate débridement of infected
cartilage will lead to recurrent infection. If the
pleural space is entered, closed-tube thoracostomy is
required. Injury to the heart, great vessels, and re-
cent coronary vein grafts must be avoided. A signifi-
cant blood loss is associated with wound débridement
and flap elevation. Adequate volume replacement and
massive intravascular fluid shifts must be avoided in
those patients with prior cardiac compromise.

Postoperative errors

Appropriate cardiopulmonary support is essential.
Mechanical respiratory support is not generally nec-
essary postoperatively because of improved chest wall
stability. Use of soft Silastic suction drains within the
mediastinum is recommended to avoid great vessel or
myocardial wall erosion. Postoperative antibiotic cov-
erage is necessary to avoid mediastinal abscess for-
mation.



RECTUS ABDOMINIS
Planning errors

Patency of the internal mammary artery is essen-
tial for use of the rectus abdominis in chest recon-
struction. If muscle is elevated below the semicircu-
lar line of Douglas, there is the potential for hernia
formation.

Technical errors

The superior epigastric artery enters the rectus ab-
dominis muscle beneath the costal margin. Blunt dis-
section is avoided during separation of the superior
muscle from the posterior rectus sheath to avoid in-
jury to the vascular pedicle. The anterior rectus
sheath should always be preserved and reapproxi-
mated to avoid the potential formation of an abdomi-
nal hernia. The posterior rectus sheath is never ele-
vated with this flap.

Postoperative errors

Suction drainage within the rectus sheath is nec-
essary.
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LATISSIMUS DORSI
Planning errors

The latissimus dorsi will reach the anterior chest,
but it is the most distal portion of the flap that will be
used for mediastinal coverage. It should never be
used if there is a previous thoracotomy scar, because
the distal muscle will not survive. Similarly, if the
muscle has been previously denervated, its bulk may
not be adequate for chest wall reconstruction.

Technical errors

The thoracodorsal vascular pedicle may be dam-
aged during proximal dissection if not performed un-
der direct vision. The latissimus dorsi muscle must
be separated from the underlying serratus anterior
muscle during flap elevation.

Postoperative errors
Suction drainage is essential for donor defect.
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A SYSTEMATIC APPROACH
TO FLAP SELECTION

Stephen J. Mathes m Foad Nahai

TOTAL (SUBCUTANEOUS) MASTECTOMY (Fig. 13-1)
Skin grafts

Skin grafts are not applicable in reconstruction of the breast after
total mastectomy

Local flaps

1. Pectoralis major muscle—the submuscular placement
of the implant under this muscle is method of choice
(Figs. 13-2 and 13-3)

2. Serratus anterior—same as above

Distant flaps (Figs. 13-2 to 13-4)

1. Latissimus dorsi musculocutaneous flap is flap of
choice for salvage of the complicated total
mastectomy wound (Fig. 13-4)

2. Rectus abdominis musculocutaneous flap is
alternative flap

3. Thoracoepigastric flap is alternative flap

Bilateral total
Fig. 13-1. Total (subcutaneous) mastectomy defect. mastectomy
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Fig. 13-2

A, Postoperative defect following bilateral total subcutaneous mastectomy. Immedi-
ate breast reconstruction performed through inframammary incision.

B, Silicone breast implant coverage provided by pectoralis major (a), rectus abdom-
inis (b), and serratus anterior (c¢) muscles.

C, Serratus anterior and pectoralis major muscle fibers split near axilla for exposure
of submuscular space.

D and E, Submuscular pocket elevated. Fibers of origin of pectoralis major from fifth
and sixth ribs divided. p, Pectoralis major; s, serratus anterior; i, implant.



A SYSTEMATIC APPROACH TO FLAP SELECTION 287

Fig. 13-2, cont’'d

F, Silicone implant inserted beneath muscles with adequate pocket to ensure nor-
mal breast position.

G and H, Muscle closed over implant and preserved breast skin closed directly. p,
Pectoralis major; s, serratus anterior.



Fig. 13-3. Pectoralis major and serratus anterior muscle flaps.

A, Bilateral macromastia. Breast growth controlled only by estrogen antagonists.
Oblique view of bilateral breast macromastia.

Specimens from bilateral subcutaneous mastectomies.

Immediate breast reconstruction after bilateral total mastectomy incorporating
placement of silicone implants beneath pectoralis major, serratus anterior, and
anterior rectus sheath.

Six-month postoperative oblique view of bilateral breast reconstruction after sub-
cutaneous mastectomy with nipple-areola grafts.
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Fig. 13-4. Bilateral latissimus dorsi musculocutaneous ftaps.
A to C, Bilateral total mastectomy.
Continued.
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Fig. 13-4, cont’d
D, Bilateral latissimus dorsi flaps outlined.
E to H, One-year postoperative views.
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MODIFIED RADICAL MASTECTOMY (Fig. 13-5)
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Modified radical
mastectomy

Skin grafts are not applicable in reconstruction of the breast after

modified radical mastectomy

Fig. 13-5

Skin grafts

Local flaps

1. Pectoralis major muscle—the submuscular placement of implant
a. This is the method of choice for immediate reconstruction
b. Skin scar contracture and denervated inferior fibers of pectoralis
major limit size, form, and position of resultant breast in late re-
construction (Fig. 13-6)
2. Serratus anterior—same as above

Distant flaps

1. Latissimus dorsi musculocutaneous flap is flap of choice for breast
reconstruction
a. Flap allows release of tight denervated fibers of inferior pecto-
ralis major muscle with transposed latissimus dorsi muscle
(Fig. 13-6)

b. Flap allows release of tight skin scars with transposed skin island
with latissimus dorsi muscle (Figs. 13-7 to 13-9)

2. Thoracoepigastric axial flap is flap of choice for immediate coverage
of mastectomy defect when postoperative chest radiation therapy is
planned

3. Rectus abdominis musculocutaneous flap is alternative flap for
breast reconstruction (Figs. 13-10 and 13-11)

4. Free tissue transplantation is rarely indicated
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Fig. 13-6

A,

During modified radical mastectomy division of medial pectoral nerve is common
during the intermuscular dissection between pectoralis major and pectoralis mi-
nor. a, Pectoralis major elevated medially; b, pectoralis minor; m, medial pec-
toral nerve at site of frequent division during modified radical mastectomy; [,
lateral pectoral nerve.

Intermuscular course of medial pectoral nerve results in frequent division during
modified radical mastectomy. p, Retractor elevation of pectoralis major muscle;
a, anterior chest wall; m, medial pectoral nerve coursing between pectoralis
minor and lateral fibers of pectoralis major muscle; ¢, thoracoacromial vascular
pedicle (location of lateral pectoral nerve).
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Fig. 13-6, cont’d

C, Postoperative deformity after modified radical mastectomy may include scar con-
tracture of denervated lateral fibers of pectoralis major muscle.

D, Reconstruction of adequate breast projection with silicone implant requires re-
lease of tight denervated fibers.

E, Release of denervated lateral pectoral fibers allows restoration of breast projec-
tion.

F, Muscle coverage of implant and release of tight chest wall skin provided by trans-
position of latissimus dorsi musculocutaneous flap.
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Fig. 13-7

A, Postoperative transverse scar after modified radical mastectomy. Dotted line rep-
resents site of planned flap inset.

B, Postoperative vertical scar after radical mastectomy. Dotted line represents site of
planned flap inset.

C and D, Inset of skin island of latissimus dorsi musculocutaneous flap at inframam-
mary line both releases transverse scar contracture and allows breast projection.



Fig. 13-8. Latissimus dorsi musculocutaneous flap.

A, Postoperative defect after left modified radical mastectomy. NOTE: High position
of transverse scar.

B, Six-month postoperative view shows left breast reconstruction with use of latis-
simus dorsi musculocutaneous flap. NOTE: Flap inset at inframammary line to
simulate contralateral breast ptosis.

C, Preoperative lateral view of left modified radical mastectomy defect. NOTE: At
time of exploration inferior pectoralis major fibers which had been denervated
resulted in tight scar contracture.

, Six-month postoperative view of left modified radical mastectomy breast recon-
struction. Natural symmetry provided despite superior placement of mastectomy
scar,

E and F, One-year postoperative view ol nipple-areola reconstruction completed.
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Fig. 13-9. Latissimus dorsi musculocutaneous flap.

A, Defect after modified radical mastectomy.

B, Preoperative evaluation demonstrates denervation of left latissimus dorsi muscle.

C, Preoperative and 6-month postoperative anterior views after transposition of de-
nervated left latissimus dorsi musculocutaneous flap. Flap is based on vascular
communications through the serratus branch of the thoracodorsal artery. Flap is
inset at site of old incision.



Fig. 13-9, cont’d

D, Oblique preoperative and 6-month postoperative views after left breast recon-
struction.

E, Preoperative lateral and 6-month postoperative lateral views of left breast recon-
struction with latissimus dorsi musculocutaneous flap. NOTE: Adequate breast
projection is achieved with flap inset despite prior ligation of major vascular pedi-

cle to latissimus dorsi musculocutaneous flap.
F, Six-month postoperative view demonstrates soft breast despite thin coverage of

denervated latissimus dorsi muscle.
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Fig. 13-10. Rectus abdominis musculocutaneous flap (transverse inferior skin island
technique of Hartrampf and Scheflan).

A,

B,

Postoperative deformity after modified radical mastectomy. Design of inferior
skin island for breast reconstruction in patient with redundant lower abdominal
wall skin.

Inferior skin island elevated from abdominal fascia preserving vascular connec-
tions to rectus abdominis muscle on the side of the breast defect. Superior ab-
dominal wall skin undermined in the supra-aponeurotic plane to level of costal
margins.

Release of muscle origin at pubis allows transposition of flap beneath superior
abdominal wall skin into inframammary incision. NOTE: Medial and lateral edges
of anterior rectus sheath at flap donor site are preserved for closure to avoid
hernia defect.

Flap is inset with the skin directly over the rectus muscle used to replace miss-
ing breast skin. Excessive skin from the random side of the flap is deepithelized
and folded beneath the breast. Flap subcutaneous tissue is used to form the
breast mound. The donor site is closed using the standard technique for abdom-

inoplasty.



Fig. 13-10, cont'd

E, Postoperative right modified radical mastectomy. Design of inferior transverse
skin island for breast reconstruction.

F, Superior abdominal wall skin elevated to costal margins for later advancement to
pubis for abdominoplasty closure of donor defect. Inferior skin island vascular
attachments to right rectus muscle carefully preserved.

G, Rectus abdominis musculocutaneous flap ready for transposition to chest wall
beneath superior abdominal skin. R, Right rectus abdominis muscle; line a-b,
semicircular line of Douglas; arrows denote preserved edge of anterior sheath
allowing closure of fascial defect.
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Fig. 13-10, cont'd

H, Preoperative anterior view.

I, Preoperative oblique view.

J, Postoperative anterior view of right breast reconstruction. No implant required
since fatty portion of skin island utilized to restore breast mound.

K, Oblique view demonstrates adequate fascial closure and abdominoplasty allows
donor defect closure with improved abdominal wall contour.
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Fig. 13-11. Rectus abdominis musculocutaneous flap (superior transverse skin is-

land).

A, Postoperative view of right modified radical mastectomy.

B, Design of horizontal skin island with lateral random extension based on contra-
lateral superiorly based rectus abdominis musculocutaneous flap. NOTE: Use of
contralateral upper abdominal skin allows direct closure of donor defect beneath
breast.

C, Three-month postoperative view of breast reconstruction demonstrates closure of
donor defect beneath inframammary fold.

D, Adequate breast form and projection are achieved with use of contralateral trans-
verse rectus abdominis musculocutaneous flap.

(Courtesy Luis Vasconez, San Francisco.)



RADICAL MASTECTOMY (Fig. 13-12)
Skin grafts

Skin grafts are method of choice for immediate coverage of defect
when radiation therapy is not planned

Local flaps

Local flaps are not available in reconstruction of the breast after
radical mastectomy

Distant flaps (Fig. 13-12)

1. Latissimus dorsi musculocutaneous flap is flap of choice for imme-
diate or late breast reconstruction (Figs. 13-13 and 13-14)
a. Flap allows replacement of absent pectoralis major muscle with
transposed latissimus dorsi muscle
b. Flap allows replacement of absent skin with skin island of latis-
simus dorsi muscle
c. Flap allows reconstruction of axillary fold with transposed latis-
simus dorsi muscle and deepithelialized skin island (Fig. 13-15)
2. Serratus anterior muscle is useful in conjunction with latissimus for
coverage of implant
Rectus abdominis musculocutaneous flap is alternative flap
Thoracoepigastric axial flap is an alternative flap for immediate or
late reconstruction
5. Free tissue transplantation is method of choice when latissimus
dorsi musculocutaneous flap is not available; choices of free flap are
opposite latissimus dorsi musculocutaneous flap and groin or infe-
rior epigastric axial flap (Fig. 13-16)
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Radical mastectomy

Fig. 13-12. Bilateral latissimus dorsi musculocutaneous flap.



Fig. 13-13. Absence of pectoralis major muscle following radical mastectomy results

in infraclavicular depression and loss of anterior axillary fold.

A, One-year postoperative view of right radical mastectomy and left modified radical
mastectomy.

B, Bilateral latissimus dorsi musculocutaneous flaps elevated for anterior transposi-

tion.

C, Six-month postoperative view of bilateral breast reconstruction. NOTE: Flaps inset
at inframammmary region despite scar location and left anterior chest skin grafts.

D, Oblique view demonstrates adequate breast projection. Skin grafts survive based
on vascular connections with pectoralis major muscle.

E, Direct donor site closure. No upper extremity disability noted by this nurse de-

spite use of bilateral latissimus dorsi muscles.
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Fig. 13-14

A, Radical mastectomy defect includes loss of pectoralis major muscle.

B, Postoperative defect after radical mastectomy with loss of anterior axillary fold.

C, Design of skin island of latissimus dorsi musculocutaneous flap for reconstruc-
tion of radical mastectomy defect.

D, Transposition of muscle below skin island replaces absent pectoralis major mus-
cle and fills intraclavicular depression.
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Fig. 13-14, cont’d

E, Design of skin island latissimus dorsi musculocutaneous flap for reconstruction
after radical mastectomy. Lateral aspect of skin island is “deepithelialized.”

F, Deepithelialized portion of skin island is sutured at desired location beneath ax-
illary skin to restore anterior axillary fold.



Fig. 13-15. Latissimus dorsi musculocutaneous flap.

A, Deformity after right radical mastectomy includes absent anterior chest skin, pec-
toralis major, breast mound, and nipple-areola complex.

B, Obligue view. Absence of anterior axillary.fold and hollowness beneath clavicle is
due to absent pectoralis major muscle.

C, Lateral aspect of skin island overlying latissimus dorsi muscle is deepithelialized
before transposition of musculocutaneous flap to anterior chest.
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Fig. 13-15, cont’d

D, Six-month postoperative anterior view after right breast reconstruction, left mas-
topexy, and bilateral nipple-areola reconstruction.

E, Six-month postoperative lateral view demonstrates adequate breast projection.

Oblique view demonstrates restoration of axillary fold with deepithelialized prox-

imal skin island and correction of intraclavicular hollowness with latissimus dorsi

muscle.
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Fig. 13-16. Contralateral latissimus dorsi musculocutaneous transplantation flap.

A and B, Thirty-five-year-old woman with left radical mastectomy defect. Previous
reconstruction with latissimus dorsi flap and abdominal flap had failed.

C, and D, Contralateral latissimus dorsi musculocutaneous flap is elevated as free
flap. NOTE: Donor scar of ipsilateral latissimus flap.
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Fig. 13-16, cont’d

E to G, Free flap reconstruction of breast.

H, Nipple-areola reconstruction. NOTE: Capsular contraction of opposite breast sec-
ondary to prior subcutaneous mastectomy.



BREAST

RECONSTRUCTION

John Bostwick III

A woman’s breasts are a primary symbol of her
femininity. The ideal breasts are youthful, full, and
symmetric. The desired volume is usually 200 to 400
cc for each breast, depending on the patient’s size
and the general attitudes of her particular society.

For a variety of reasons, a woman may feel that her
breasts do not fit the ideal image she has of herself.
There may be failure of the breasts to develop (hy-
poplasia), or the breasts may develop then involute
(breast ptosis). In other situations there may be ov-
erdevelopment of the breasts in relation to the pa-
tient’s size. The breasts sometimes develop asym-
metrically, or there may be asymmetry resulting from
an operation.

Since the development of the speciality of plastic
surgery, women have sought help to modify or recon-
struct their breasts to obtain a more ideal shape. Pa-
tients with mammary hypertrophy sought a reduction
of their breast volume. The ideal reduction mammo-
plasty of today reduces the breast volume, with in-
conspicuous scars along the lower aspect of the
breast. Youthfully shaped, symmetric breasts with
normal sensibility in the properly positioned nipple-
areola are the goals of this procedure (Fig. 14-1).

The skin excision and nipple-areola positioning of
the reduction mammoplasty were applied to the pa-
tient with ptotic breasts with good return to the ideal
position.

310

BREAST AUGMENTATION

Women with small breasts often desire large
breasts. A variety of materials were used during the
first half of the 20th century for this purpose. Free
fat flaps and local fat dermis flaps usually did not pro-
vide adequate and permanent fullness. Because of
excessive scar tissue formation and associated firm-
ness, Ivalon and Etheron sponges proved unaccepta-
ble for breast augmentation.

The development of the silicone gel prosthesis in
1964 by Cronin and Gerow provided a much less re-
active material for enlargement of the small breast.
This implant was placed deep to the breast tissue on
the premuscular fascia. Although this is now the
standard technique in breast augmentation, a large
percentage (15% to 20%) of these patients develop
fibrous capsules around the implant. The fibrous
capsule results in a spherical, firm breast.

Attempts to minimize this problem include modifi-
cation of the implant, use of corticosteroids, and sub-
muscular placement of implants. Modifications of the
implant include saline solution only and the double
lumen implants. Corticosteroids placed in the outer
lumen of the implant or in the dissected pockets re-
sult in softer breasts; however, the proper amount of
steroid has not been determined. Steroids can result
in atrophy and ptosis of the overlying breast tissue.
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Fig. 14-1
A, Thirty-two-year-old women with mammary hypertrophy.
B, Two-year postoperative view after reduction mammoplasty of 800 gm.
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Submuscular augmentation

Placement of the breast implant below the anterior
chest wall musculature results in a lower incidence
of capsular contracture. The development of fibrous
capsule around a submuscular implant is less likely
to deform the breast (Figs. 14-2 and 14-3).

Technique. Incisions for submuscular augmenta-
tion may be inframammary (Fig. 14-2), periareolar,
or axillary. For the inframammary approach the
usual 3.5-cm inframammary incision is made and the
breast elevated off the muscle fascia to the lower
margin of the pectoralis major. This fascia is opened,
and with blunt dissection, the pectoralis major is el-
evated off the ribs up to the third rib. The pectoralis
major origin is bluntly detached from the sternum at

the level of the nipple-areola. Inferiorly it is also ele-
vated off the ribs, and dissection is carried beneath
the rectus fascia to the proposed inframammary
crease. Dissection is then carried laterally, elevating
the serratus anterior fascia. Care is taken to preserve
the sensory nerves. With an adequate pocket devel-
oped, sutures are placed between the pectoralis ma-
jor fascia and the serratus anterior fascia. The im-
plant is inserted and these sutures tied.

When the periareolar incision is used, the dissec-
tion is carried subcutaneously down to the inframam-
mary area, then up to the lower edge of the pectoralis
major muscle. The procedure then is as described for
the inframammary approach.

Twenty-six-year-old woman with mammary hy-

poplasia.

B, Two years after augmentation mammoplasty (220
cc) in submuscular position with double lumen
silicone breast prosthesis.

C, Double lumen silicone breast prosthesis.



The axillary incision for submuscular augmenta-
tion is best suited for the very small breast with no
ptosis. A 4- to 5-cm incision is made transversely in
the lower axillary area through the area of hair
growth, The lateral margin of the pectoralis major
muscle is identified and its fascia divided. The upper
dissection beneath the muscle is performed bluntly.
The lower dissection requires an instrument. We
have found the largest urethral sound, a wide, firm
ribbon or flat retractor, to be best for this dissection.
After placement of the implant, the fascia is resu-
tured and the skin closed. A light elastic support is
placed across the upper part of the breast to keep the
implant in the lowest portion of the dissected pocket.

There are some drawbacks to the submuscular po-

Fig. 14-3
A, Twenty-eight-year-old woman with postpartum involutional atrophy and ptosis of

breasts.
B, One year after submuscular augmentation mammoplasty (180 cc) and masto-

pexy.
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sitioning of the implant. The contraction of the mus-
cle can give an unnatural, irregular contour to the
breast. Occasionally some patients have discomfort
associated with the implant in this position. Addi-
tional implant volume of 30 to 60 cc is necessary to
achieve a similar improvement in size compared to
the premuscular augmentation. It is also important to
place the implant low; it is not only beneath the pec-
toralis major but also beneath the serratus anterior
and upper rectus sheath.

When capsular contractures develop beneath the
muscular layer, breasts become firm, but the contour
is usually not as distorted. Displacement of the im-
plant from capsular contracture is rare in the sub-
muscular position.
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SUBCUTANEOUS MASTECTOMY

Prophylactic subcutaneous mastectomy is widely
practiced as a technique to remove abnormal or pre-
malignant breast tissue. Delayed or immediate recon-
struction of the breasts has been accomplished with
placement of silicone gel implant beneath the pre-
served breast skin. With the thin skin flaps after sub-
cutaneous mastectomy, a fibrous capsule formation
causes firmness and breast deformity. The incidence
and severity of this deformity seem to be related to
the thickness of the tissue overlying the prosthesis
(Fig. 14-4). Other problems associated with this pro-
cedure include skin loss and exposure of the implant.

Submuscular reconstruction

In an attempt to avoid these problems in recon-
struction after subcutaneous mastectomy, the sili-
cone implant has been placed beneath the pectoralis
major, serratus anterior, and upper aspect of the fas-
cial sheath of the rectus abdominis. Although no con-
trolled series are available, there is an overall impres-
sion that there is less breast deformity and implant
exposure with submuscular placement (Fig. 14-5).

Technique. Before the description of the technique
a review of the anatomy is appropriate. The pectoralis
major muscle will cover the superior portion and me-
dial lower portion of a properly positioned breast im-
plant. This is a thick, triangular muscle, which orig-
inates from the fifth, sixth, and seventh ribs anteri-
orly as well as the lateral aspect of the sternum. A
clavicular portion originates from the lower aspect of
the clavicle and then converges into an insertion onto
the lateral lip of the intertubercular sulcus of the hu-
merus. The lower fibers toward the insertion define
the anterior axillary fold. The blood supply to the pec-
toralis major is primarily from its thoracoacromial
pedicle. Other significant supply is from the medial
perforators from the internal mammary artery. Other
intercostal perforators enter the deep aspect of the
pectoralis major muscle. If the intercostal and sternal
origin fibers are divided, the muscle remains inner-
vated and well vascularized from the thoracoacromial
pedicle. The medial and lateral pectoral nerves are
the motor nerves. The serratus anterior muscle and
fascia are used to cover the breast implant laterally.

Fig. 14-4. Tight capsular contracture about 160 cc implants placed in subcutaneous
position after prophylactic subcutaneous mastectomy.



The serratus anterior muscle inserts on the deep sur-
face of the scapula from a broad origin from the up-
per eighth to tenth ribs anterolaterally. The blood
supply to the serratus anterior is from the thoraco-
dorsal and lateral thoracic arteries. These vessels and
the motor nerve, the long thoracic nerve, enter the
muscle superiorly and are not affected by mobiliza-
tion for implant coverage.

The submuscular plane is entered by dividing the
fascia between the pectoralis major and serratus an-
terior. Sharp dissection is performed to elevate the
pectoralis major origin from the sternum at the sixth
costal cartilage. This dissection is continued inferi-
orly and laterally. Inferiorly this dissection is contin-
ued beneath the anterior rectus sheath to 2 cm below
the future inframammary crease. The serratus ante-
rior fascia is then elevated to 2 cm lateral to the fu-
ture lateral projection of the breast. Sutures are then
placed between the pectoralis major and serratus fas-
cia, and the implant is positioned and the sutures tied
(Fig. 14-5).

Fig. 14-5
A, Forty-two-year-old woman with biopsy-proven in situ lobular carcinoma of left
breast.
B, Two years after bilateral total mastectomy and immediate submuscular recon-
struction with 260 cc double lumen silicone breast prosthesis and immediate nip-
ple-areola full-thickness grafts.
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If the breast is hypertrophic or ptotic, and excess
skin must be excised, an inferior dermis flap may be
developed. The submuscular space is approached
through this inframammary incision. First, the rectus
abdominis fascia is elevated, then the other muscles
are elevated. The implant is placed beneath the mus-
cle and dermis flap and the tissues closed.

In some patients, particularly those who require a
prosthesis larger than 250 to 300 cc, there is insuf-
ficient cover for the lower aspect of the implant. A
flap of latissimus dorsi muscle may be transposed to
cover this lower portion. This is more fully discussed
later.

It is essential that the submuscular pocket be ade-
quately developed in all directions. The most fre-
quent problem is a failure to dissect low enough, par-
ticularly failure to detach all the lower fibers of the
origin of the pectoralis major.

Postoperative complications such as malpositioned
implant, hematoma, and infection have been much
lower with the submuscular technique.

(From Bostwick, J., I11: Breast reconstruction: a comprehensive approach, Clin. Plast. Surg.

6(2]:143, 1979; reproduced with permission.)
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BREAST RECONSTRUCTION FOLLOWING
MASTECTOMY

The radical mastectomy evolved around 1900 as a
primary treatment for breast carcinoma. Patients had
large breast tumors necessitating wide skin excision
and skin graft coverage. Axillary metastases were
common, and lymphadenectomy was facilitated by
removal of the pectoral muscles.

The deformity after radical mastectomy is a source
of profound emotional distress with marked deleteri-
ous effects on the body image of a patient (Fig. 14-
6). Early attempts to reconstruct this deformity were
largely unsuccessful and were condemned by the
general surgeons.

The defect after a radical mastectomy includes a
missing pectoralis major muscle and the resultant
flatness beneath the clavicle and hollowness of the
axilla. The skin is tight and often replaced with a
split-thickness skin graft. There is no breast mound
or nipple-areola. The challenge is to replace these tis-
sues and obtain a reconstruction that restores the im-
paired body image.

One of the earliest reconstructive efforts in 1900
was by an Italian, Tansini, who moved a transposi-
tion flap of latissimus dorsi muscle and its overlying
skin into the mastectomy defect. This ameliorated
the pectoral muscle defect and replaced resected
skin; however, the operation did not become widely
accepted.

Reconstructive surgeons then moved a portion of a
large contralateral breast across to the defect after
mastectomy. This operation placed a potentially ma-
lignant breast onto an area of previous cancer exci-
sion and was not acceptable to general surgeons. It

also did not correct the pectoral and axillary defects
associated with the radical mastectomy.

The abdominal tube pedicle was also used to move
tissue onto the chest. It required many procedures
and had the usual complications and restrictions that
accompanied the use of this particular method of re-
construction. It was difficult to obtain a smooth infra-
clavicular and axillary reconstruction. The shape of
the breast mound is not always predictable with this
technique.

In 1970 Snyderman and Guthrie reported the cre-
ation of a breast mound by insertion of a silicone gel
prosthesis beneath the skin following a modified rad-
ical mastectomy. With a nipple-areola graft and ap-
propriate reshaping of the opposite breast, an accept-
able breast reconstruction was obtained for patients
who had modified radical mastectomies.

Cronin introduced the use of the transverse ab-
dominal flap for placement of absent skin in the rad-
ical mastectomy defect. Radical mastectomy recon-
struction was then accomplished with a combination
of the abdominal flap and the use of the silicone
breast implant. This technique also did not address
the problem of the infraclavicular and axillary defect.

If a radical mastectomy has been performed, the
infraclavicular area must be filled and the anterior
axillary fold reconstructed. There should be minimal
scars. Every effort should be made to achieve sym-
metry with the opposite breast if it has good shape,
size, and contour. The use of the latissimus dorsi
musculocutaneous flap is especially helpful in ac-
complishing these goals in the radical mastectomy
patient.

Study of the latissimus dorsi muscle shows it to be

Fig. 14-6. Fifty-eight-year-old woman 10 years
after standard radical mastectomy for 1-cm in-
filtrating ductal carcinoma.



analogous to the pectoralis major, only situated pos-
teriorly. Both of their insertions and primary blood
supply are in proximity. The thoracodorsal pedicle
will support and nourish the entire latissimus dorsi
muscle as well as its overlying skin. The latissimus
dorsi muscle when transposed anteriorly will satisfac-
torily restore the contour after pectoralis major mus-
cle resection. The versatility of the skin island place-
ment over the latissimus dorsi is such that a com-
pound skin island flap may be designed to simulta-
neously replace the resected skin and restore the
pectoral muscle bulk after a radical mastectomy.

Experience with the pectoral muscle flap as an ad-
ditional layer of cover for a silicone breast implant
has led to the successful use of the latissimus dorsi
muscle as a well-vascularized, functioning layer in
situations without available pectoral muscle (e.g., af-
ter radical mastectomy [Fig. 14-6], Poland’s syn-
drome, and subcutaneous mastectomy with threat-
ened or actual implant exposure). The indications for
the use of the latissimus dorsi muscle or musculo-
cutaneous flap have broadened with increasing ex-
perience with this very reliable and versatile muscu-
locutaneous unit.

It is now used whenever additional pectoral muscle
bulk simulation is needed, such as after radical or
modified radical mastectomies in which the pectoral
nerves have been divided and the muscle atrophied.
It is very useful in patients with Poland’s syndrome,
congenital absence of the pectoralis major muscle. It
is also used when there is a skin graft or the skin is
tight, extremely thin, or of poor quality and after ra-
diation therapy.
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Anatomy

The latissimus dorsi muscle is a broad, flat muscle
covering most of the lower portion of the back. It
originates from the spinous processes from T6 to L5
and from the posterior iliac crest. Additional fibers of
origin are deep near the scapula and the lateral ribs.
The fibers converge toward the axilla and become
closely associated with the teres major before insert-
ing as a flat broad tendon into the bottom of the in-
tertubercular groove of the humerus. This axillary
portion along with the teres major forms the posterior
axillary fold. The principal blood supply is from the
thoracodorsal artery, a terminal branch of the sub-
scapular artery. This thoracodorsal pedicle is 10 to 12
cm long and contains the 1.5- to 2.5-mm artery, mo-
tor nerve, and usually two veins (Fig. 14-7). Another
significant blood supply comes from a crossing collat-
eral vessel from the surface of the serratus anterior
that enters near the entrance of the pedicle into the
latissimus dorsi muscle. Preservation of this crossing
collateral vessel is advisable if there is any question
that the thoracodorsal vessel may have been previ-
ously divided. (Some surgeons divide the thoraco-
dorsal artery and vein and preserve the nerve at the
time of mastectomy.) Other significant blood sup-
ply comes from segmental paraspinous perforators.
Other vessels enter on the deep surface via intercos-
tal perforators in the midposterior thorax, and these
will also nourish islands of skin and muscle. Inter-
costal perforating vessels also enter along the lateral
margin of the muscle. Segmental sensory nerves ac-
company these intercostal perforating vessels. In ad-
dition, there are some direct vessels into the muscle
from the axillary artery through the peritenon of the
tendon and from the teres major muscle.

Fig. 14-7. Primary blood supply to latissimus dorsi is via thora-
codorsal artery. Branch from thoracodorsal artery to adjacent ser-
ratus anterior muscle is also noted.
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DEFECT RECONSTRUCTION AFTER
RADICAL MASTECTOMY USING
THE LATISSIMUS DORSI
MUSCULOCUTANEOUS FLAP

The missing skin as well as the missing pectoralis
major muscle bulk and the anterior axillary fold may
be restored with a latissimus dorsi musculocutaneous
island flap. The additional latissimus dorsi muscle is
used to cover the silicone breast implant (Figs. 14-8
and 14-9).

To provide sufficient fill, the latissimus dorsi mus-
cle must be innervated and functional. A discussion
with the general surgeon, a check of the operative
note, and a physical examination should confirm the
functional status of the latissimus dorsi muscle. A
nonfunctioning latissimus dorsi results in a winging
of the scapular tip, and the latissimus dorsi cannot be
seen or palpated during forced adduction against re-
sistance (Fig. 14-10).

Fig. 14-8. Outline of skin island over latissimus dorsi
to be transposed for reconstruction after radical mas-
tectomy. a, Superior muscle will transpose to infra-
mammary region on anterior chest. b, Central mus-
cle covers breast implant. ¢, Inferior muscle will
transpose to fill infraclavicular region of anterior
chest.

The skin island of appropriate size is designed over
the latissimus dorsi muscle on the back to replace
the missing skin. The arc of rotation of the flap must
be kept in mind (Figs. 14-11 to 14-13). For most rad-
ical mastectomy defects, the skin island may be
placed beneath the brassiere in the back. Unless a
large skin graft is present, sufficient skin may be ob-
tained and the donor site closed directly. Most flaps
have been 6 to 7 cm wide; however, defects 8 to 11
cm wide may be closed directly. The flap rotates so
that the muscle tissue below the flap in the back
moves up to the clavicle and medial-sternal area. The
muscle tissue above the flap rotates so that it fits be-
low the transposed flap when the incision is oblique
or transverse.

The latissimus dorsi muscle is sutured to the for-
mer sternal and clavicular origin of the pectoralis ma-
jor. If the clavicular portion has been spared, the la-
tissimus dorsi is sutured to the lower edge of the re-
maining pectoralis major.

Reconstruction of the anterior axillary fold is ac-
complished by dividing the tendon of insertion of the
latissimus dorsi and transposing it to the cut edge of
the pectoralis major. This should only be done if a
pulsatile artery in the pedicle is first identified.

Additional bulk for the axilla may be obtained by

Fig. 14-9. Latissimus dorsi flap is transposed anteri-
orly along with its insertion. a, b, ¢, Same as in Fig.
14-8.



creating a longer skin flap and using its deepithelial-
ized end for axillary fill. The mastectomy scar is ex-
cised over the anterior chest and the skin island su-
tured into its place. A small lateral opening is left for
insertion of the breast prosthesis.

Elevation of the flap on the back is accomplished
by incising around the skin island down to the latis-
simus dorsi muscle. The skin is elevated over the
muscle to the extent of muscle required for recon-
struction as determined during the preoperative plan-
ning. The patient is in the lateral position so that the
anterior and posterior dissections can be made. Care
is taken not to elevate the serratus anterior muscle
with the latissimus dorsi. When the dissection
reaches the serratus anterior muscle, the blood ves-
sels on the surface of this muscle should be pre-
served. These lead to the crossing collateral vessels
that go to the pedicle and supplement blood flow to
the flap. As the latissimus dorsi is elevated, its axial
blood vessels may be seen, and they also lead to the
pedicle. The lateral edge of the latissimus dorsi is the
most lateral aspect of the mastectomy dissection and
is usually involved with scar. The latissimus dorsi
must also be separated from the teres major to rotate
it anteriorly.

To restore the anterior axillary fold, the flap must
be tunneled high in the axilla. Further augmentation
of the anterior axillary fold is possible by anterior
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transposition of the muscle insertion. When the latis-
simus dorsi insertion is to be transposed, it is neces-
sary to ascertain if there is pulsatile flow in the pedi-
cle, and the crossing vessel to the serratus anterior is
left intact (Fig. 14-7).

Anteriorly the mastectomy scar is excised and the
skin flaps are elevated so that the pectoralis major
muscle defect can be restored and the implant posi-
tioned. The axillary vein is closely related to the over-
lying dermis, particularly after radiation. Careful dis-
section is essential to prevent a tear of this vessel
The flap is passed through the tunnel high in the
axilla, and the back incision is closed after placing a
suction drain. The patient is then placed in the su-
pine position and redraped and the reconstruction
completed.

The latissimus dorsi musculocutaneous flap is po-
sitioned so that the skin island will fit properly into
the area of the excised scar. The muscle is then su-
tured to the clavicle and the sternum. If necessary,
the divided insertion is sutured to the divided inser-
tion of the pectoralis major insertion. The remainder
of the muscle is sutured at a level just below the fu-
ture inframammary crease. The skin island is closed
except for a small opening laterally, and the pros-
thesis is inserted. The patient is placed in the sitting
position so that final size determination and position-

ing are accomplished.
Text continued on p. 324.

Fig. 14-10. Patient with denervated and atrophied right latissimus dorsi muscle after
radical mastectomy. NOTE: Wing of scapula and lack of definition of latissimus dorsi
laterally. Thoracodorsal vessels are usually divided in patients with denervated

muscle.
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Fig. 14-11

A, Fifty-two-year-old woman 5 years after right radical mastectomy.

B, One year after reconstruction with right latissimus dorsi musculocutaneous is-
land flap and 280 cc silicone breast prosthesis. Left reduction mammoplasty was
done.

Patient’s back 1 year after operation.

D, Brassiere covers donor site scar.

0
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Fig. 14-12

A, Preoperative markings—anterior. Latissimus dorsi flap to be placed after excision
of scars.

B, Outline of brassiere.

C, Flap is drawn to be covered by brassiere.
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Fig. 14-13

A, Forty-seven-year-old woman 4 years after radical mastectomy.

B, One year after left breast reconstruction with latissimus dorsi musculocutaneous
island flap. Insertion of latissimus dorsi was moved around to divided insertion of
pectoralis major.
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Fig. 14-13, cont'd
C and D, Oblique views.
E, Back donor site 1 year after operation.



324  APPLICATIONS: BREAST

BREAST RECONSTRUCTION AFTER
MODIFIED RADICAL MASTECTOMY

Some general surgeons question the need to per-
form the usual radical mastectomy in each patient
with breast cancer. Many tumors are detected while
small and without axillary spread, particularly to the
apex of the axilla. The radical mastectomy is modi-
fied to preserve the pectoralis major and often the
pectoralis minor muscles (Fig. 14-14). Wide skin ex-
cision and extremely thin skin flaps are also modi-
fied, thus preserving more tissue and simplifying fu-
ture breast reconstruction. Today the modified radi-
cal mastectomy is the accepted local treatment for
most invasive breast cancers, although many sur-
geons continue to perform the radical mastectomy.

If the patient has had a modified radical mastec-

tomy, and there is sufficient skin, no additional pedi-
cled skin or muscle is usually necessary. A skin graft,
prior radiation, or very thin skin of poor quality ne-
cessitates additional tissue (Fig. 14-15).

If the pectoral nerves, especially the medial pec-
toral nerve, have been divided, the pectoralis major
muscle atrophies, and additional muscle tissue must
be moved in to obtain adequate contour and symme-
try in the infraclavicular area.

In most cases after modified radical mastectomy
up to a 300-cc implant may be placed during the first
operation. Because multiple problems are associated
with subcutaneous placement and fibrous contrac-
ture, exposure, and positional change of the implant,
the submuscular position is preferred.

Fig. 14-14. Thirty-seven year-old woman 3 months after total mastectomy with axil-
lary dissection (modified radical mastectomy), with preservation of pectoral nerves.
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Fig. 14-15. Thirty-two-year-old woman 2 years after left radical mastectomy and post-
operative irradiation. She was reconstructed with subcutaneous implant only, result-
ing in suboptimal reconstruction and tight capsular contracture.

A and B, Anterior views after mastectomy and 2 years postoperative reconstruction.
C and D, Oblique views after mastectomy and 2 years postoperative reconstruction.
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Submuscular technique

The old incision is usually opened laterally over the
junction of the serratus anterior and pectoralis major
muscles. This fascial interval is opened and the pec-
toralis major muscle, serratus anterior fascia, and up-
per rectus sheath are elevated bluntly. The main ves-
sels encountered are the intercostal perforators to the
pectoralis major. The pectoralis major flaps are ele-

Fig. 14-16

A, Thirty-one-year-old woman 4 weeks after left modified radical mastectomy for 1-
cm infiltrating ductal carcinoma. Nipple-areola was stored in groin.

B, Three years after left submuscular reconstruction and right total mastectomy and
immediate nipple-areola reconstruction. We no longer bank nipple-areola in groin
because of aesthetic and oncologic considerations.

vated from both the ribs as well as the lower ster-
num. The overlying fascia is left intact. The rectus
abdominis fascia must be elevated 1.5 to 2 cm below
the opposite inframammary crease, depending on the
size of the implant to be placed. This avoids an un-
naturally high inframammary crease on the recon-
structed side (Figs. 14-16 and 14-17).



The serratus anterior fascia is elevated laterally 1
to 2 ¢m beyond the lateral projection of the opposite
breast. Sutures are placed in the divided fascia and
the implant positioned and sutures tied. The patient
should be in the sitting position to ascertain the final
proper positioning. Placing the arms to the side re-
duces the tightness of the pectoralis major muscle,
The implant will rarely go lower after the operation,

Fig. 14-17
A, Forty-four-year-old woman 1 year after left modified radical mastectomy.
B, View 9 months after left submuscular reconstruction and right mastopexy.
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but any fibrous contracture elevates the implant
along with the inframammary crease.

The incidence of exposure and capsular contrac-
ture is much less when the implant is placed sub-
muscularly. When a capsule develops in the submus-
cular position, it is usually firm; however, the breast
does not appear as spherical as the contractures that
develop in the subcutaneous position.
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The latissimus dorsi musculocutaneous flap

After many modified radical mastectomies, if the
medial pectoral nerve has been divided, there slowly
develops an infraclavicular hollowness secondary to
muscle atrophy. Other patients who have thicker
subcutaneous tissue also have a notable asymmetry
and flattening after the mastectomy. These patients
benefit from the usual latissimus dorsi musculocuta-
neous island flap, as used in patients after radical
mastectomy.

For patients who have a good pectoralis major

Fig. 14-18. Lateral design of latissimus dorsi flap
with skin island for reconstruction after modified rad-
ical mastectomy. B and C show position of muscle
during transposition.

muscle but with insufficient skin, the latissimus
dorsi flap is modified so that the skin is replaced, and
the latissimus dorsi muscle is sutured to the lower
pectoralis major and to just below the inframammary
crease (Figs. 14-18 and 14-19). This will allow an in-
cision to be placed more laterally for a patient who
prefers to wear clothes with an exposed back (Figs.
14-20 and 14-21). After the preoperative markings
for the approximate skin and muscle tissue, the op-
eration proceeds essentially the same as described
for the reconstruction of the standard radical mastec-
tomy (Fig. 14-22).

Fig. 14-19. Lateral latissimus flap is transposed and
sutured to pectoralis major. B and C show position of
muscle during transposition.



Fig. 14-20. In patients with modified radical mastec- Fig. 14-21. In patients with modified radical mastec-
tomy, skin island is designed laterally. Orientation is tomy, the latissimus dorsi muscle is sutured to lower
excellent when scar is oblique and pectoralis major edge of the pectoralis major muscle. P, Pectoralis
muscle is preserved. major; L, latissimus dorsi.

Fig. 14-22
A, Forty-three-year-old woman 5 years after bilateral modified radical mastectomies.

She desired large breasts.
B, One year after one-stage bilateral latissimus dorsi musculocutaneous flaps and

immediate nipple-areola reconstructions.
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Poland’s syndrome. Patients with Poland’s syn-
drome have an absent pectoralis major muscle. They
often have absence of the pectoralis minor and the
serratus anterior. There is also malposition of the nip-
ple-areola and underdevelopment of the breast. The
latissimus dorsi muscle flap has been very useful in
restoring the contour resulting from the absent pec-
toralis major muscle. It also allows for a submuscular

Fig. 14-23
A, Fourteen-year-old boy with Poland’s syndrome.
B, Boy 1 year after transposition of latissimus dorsi muscle.

positioning of a breast implant if this is necessary to
achieve symmetry.

The procedure is delayed until after puberty. At
this time the patient is fully aware of the defect and
is cooperative. As in all patients after latissimus dorsi
transposition, postoperative exercises and isometrics
are necessary to maintain the bulk of the muscle and
to contract over the silicone implant (Fig. 14-23).
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Fig. 14-23, cont'd

C, Oblique view (preoperative).

D, Oblique view (postoperative).

E, Lateral view.

F, Lateral view showing donor scars.
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USE OF THE LATISSIMUS DORSI FOR
PATIENTS WITH COMPLICATIONS
AFTER SUBCUTANEOUS MASTECTOMY
AND AUGMENTATION MAMMOPLASTY

Some patients, after long-term implantation of a
silicone gel breast implant beneath thin skin and who
have undergone several procedures to relieve capsu-

Fig. 14-24

lar contractures, develop impending or actual expo-
sure of the breast prosthesis. Local measures and
flaps of pectoralis major or serratus anterior have
been suggested; however, what is so often needed is
a small portion of skin and a layer of functioning,
well-vascularized muscle between the implant and
the skin.

A, Thirty-three-year-old woman after augmentation mammo-
plasty with postoperative infection and lower skin loss.

B, Arms elevated to show skin loss.

C, View 1 year after bilateral latissimus dorsi musculocuta-
neous flaps.



The latissimus dorsi muscle flap, and occasionally
a small skin island obtained from the brassiere line
in the back or a small laterally located skin island,
provides this needed tissue. The muscle is elevated
through the skin incision in the back. An axillary in-
cision is necessary to complete the flap dissection.
The breast incision is opened and the implant re-
moved. The fibrous capsule is opened widely and a
tunnel is made into the axilla. The latissimus dorsi
muscle is then brought into the anterior breast
pocket and sutured to the periphery of the pocket.

Fig. 14-25
A, Outline of flaps on back.
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The sutures are placed in position. The breast im-
plant is positioned and the sutures tied. This gives a
very satisfactory protective muscular covering to the
implant, and most patients have continued to have
soft breasts after the procedure (Figs. 14-24 and
14-25).

Custom-sized skin islands may be designed to re-
place skin that is thinned, particularly in the infra-
mammary crease area. An alternative incision for ob-
taining the muscle is laterally over the anterior mar-
gin of the latissimus dorsi.

B, Defect made and periareolar reduction of nipple.

C, Flaps transposed anteriorly to be inset.
D, Donor site.

(From Pendergrast, W., Jr., Bostwick, J., III, and Jurkiewicz, M.].: The subcutaneous mastec-

tomy cripple, Plast. Reconstr. Surg. 66:554, 1980.)

BN
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Fig. 14-26

A, Forty-four-year-old woman 6 months after modified radical

mastectomy.

B, View 1 year after reconstruction with latissimus dorsi flap.

Capsular contracture developed.

Complications of the latissimus dorsi flap

Experience with over 300 latissimus dorsi flaps
have proved its versatility and safety. Seroma of the
donor site is the most common complication and is
seen in 30% of the patients. Use of suction drains
and avoidance of unnecessary motion of the shoulder
for the first few weeks seem to decrease the inci-
dence. Capsular contraction has been seen in 30% of
the patients 1 year after implantation of the breast
prosthesis (Fig. 14-26). Color discrepancies have
been noted (Fig. 14-27).

Hematoma was seen in 1% of the patients and is
usually seen anteriorly; 1% of the implants developed
a surrounding infection and required temporary re-
moval. Partial skin island loss occurred in 2% of the
flaps and was related to division of the pedicle at a
previous mastectomy. It is necessary to preserve the
crossing collateral vessel from the serratus anterior in
these situations.

When the thoracodorsal artery, nerve, and vein
have been divided at the time of mastectomy, a skin
island may be successfully transferred; however,
there is no muscle bulk. Infraclavicular fill for these
patients is obtained either with a custom-designed

prosthesis or dermis fat grafts taken from an abdom-
inoplasty resection. As long as the serratus anterior
crossing vessel is preserved, the denervated flap sur-
vives.

Nipple-areola reconstruction. The best tissue for
nipple-areola reconstruction is from the opposite
breast. Areola tissue may be obtained if a simulta-
neous total mastectomy or reduction mammoplasty is
done.

If opposite areola tissue is not available, a thinned
full-thickness graft from the upper inner thigh usu-
ally provides an excellent match. It does not develop
hyperpigmentation as does vulva tissue.

The lower half of the opposite nipple is the best
tissue for nipple reconstruction, and it is sutured first
to the center of the deepithelialized proposed nipple-
areola. We do not recommend banking of the nipple-
areola because of loss of pigment, necessity for addi-
tional procedure, and possibility of transfer of tumor.

Auricular tissue is also useful at times, and the ear-
lobe is an alternative source of tissue for a nipple.
Retroauricular skin provides pink tissue when this is
needed for areola reconstruction.
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Fig. 14-27. Color discrepancy when tanned skin from back is moved anteriorly to

untanned area.
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COMPLICATIONS

Stephen J. Mathes ® Foad Nahai

SUBMUSCULAR BREAST
AUGMENTATION
Planning errors

Current techniques using the silicone implant are
effective in correction of congenital hypomastia. Al-
though the frequency of breast shape distortion as a
result of capsule formation is reduced by submus-
cular placement of the implant, this complication
may still occur.

Submuscular breast augmentation may accentuate
existing breast ptosis.

Technical errors

Satisfactory local anesthesia is difficult to achieve
for a submuscular muscle augmentation and often
requires use of interoperative, intravenous hypnotics
and analgesics.

Failure to release the pectoralis major fibers of in-
sertion to the fifth and sixth ribs may result in an
inadequate breast pocket. Unsatisfactory breast pro-
jection and shape result if the implant is held supe-
riorly to the inframammary line.

Postoperative errors

Contractions of the pectoralis major muscle asso-
ciated with strenuous exercise may cause distortion
of the breast shape and discomfort.

TOTAL MASTECTOMY
Planning errors

The primary objective of total mastectomy is re-
moval of breast tissue with increased potential for de-
velopment of carcinoma. Optimal breast shape and
projection are not uniformly achieved.

Residual breast tissue in the axilla and adjacent to
breast skin are possible sources of neoplasia.

Total mastectomy may not relieve mastodynia.

Technical errors

Failure to maintain the continuity of the inferior
pectoralis major muscle with the serratus anterior
muscle may result in difficulty in providing complete
muscular coverage of the silicone implant.

Failure to release pectoralis major fibers of inser-
tion to the fifth and sixth ribs may result in an inad-
equate breast pocket. The lower fibers of the pectora-
lis major muscle may then push the implant toward
the clavicle, resulting in unsatisfactory breast shape
and projection.

Postoperative errors

The submuscular location of the implant generally
avoids implant exposure after skin flap necrosis.
However, wound infection occurring within the im-
plant pocket requires temporary removal of the im-
plant (Fig. 15-1).

337
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MODIFIED RADICAL MASTECTOMY
Planning errors

Breast reconstruction provides a breast mound
with acceptable shape, projection, and consistency
but does not completely simulate the normal breast.
Scars persist. Sensation is absent. Firmness may de-
velop as a result of capsule formation. Patient expec-
tations must not exceed the usual result of breast re-
construction observed by the reconstructive surgeon.

The reconstructive surgeon must interact with the
general surgeon and medical and radiation oncolo-
gists in planning the timing of breast reconstruction.
Breast reconstruction does not adversely affect the
potential for cure in the patient after mastectomy.
However, both local and systemic recurrent breast
cancers are possible. Future treatment in patients
with recurrence is not impaired by the presence of a
reconstructed breast.

The inability to palpate the voluntary contractions
of the latissimus dorsi muscle may indicate operative
division of the thoracodorsal nerve during mastec-
tomy. This indicates possible division of the adjacent
thoracodorsal artery. However, transposition of the
latissimus dorsi muscle is generally possible based on
the reverse blood flow via the arterial branch from
the thoracodorsal artery to the serratus anterior
muscle.

Technical errors

Breast reconstruction by submuscular implant
placement may not achieve optimal position and pro-
jection because of tight, denervated inferior fibers of

Fig. 15-1. Postoperative wound infec-
tion on left side after bilateral total mas-
tectomy. Despite placement of implant
beneath muscle, implant removal re-
quired. Reconstruction of left breast per-
formed 6 months after wound healed.

the pectoralis major muscle and tight skin scars.
Failure to release the pectoralis major fibers of inser-
tion of the fifth and sixth ribs may result in an inad-
equate breast pocket pushing the silicone implant
above the inframammary line.

Design of the skin island width of the latissimus
dorsi musculocutaneous flap of more than 8 cm may
not allow direct closure of the donor defect.

The denervated latissimus dorsi muscle is very thin
and may be inadvertently divided during initial flap
elevation.

During elevation of the latissimus dorsi flap, the
arterial branch of the thoracodorsal artery to the ser-
ratus anterior muscle must be preserved. If the tho-
racodorsal artery has been divided during the mas-
tectomy, a latissimus dorsi musculocutaneous flap
may be safely transposed based on the vascular pedi-
cle between the latissimus dorsi and serratus anterior
muscle. Division of the thoracodorsal artery has been
observed with normal muscle innervation. This vas-
cular communication with the serratus anterior mus-
cle is never divided unless an intact proximal thora-
codorsal artery is visualized.

Release of axillary adhesions along the lateral edge
of the preserved pectoralis major muscle allows the
proximal portion of a transposed muscle to lie anteri-
orly to the midaxillary line. This prevents bending of
the muscle in the axillary tunnel and avoids both
muscle compression and a lateral bulge of a trans-
posed muscle within the inferior axillae. The latissi-
mus dorsi muscle is adherent to the serratus anterior
muscle at the anterior axillary line. Prior separation



Fig. 15-2
A, Spontaneous deflation of bilateral saline implants 2 years after breast reconstruc-

tion.
B, Bilateral insertion of silicone gel implants and nipple-areola reconstruction.

of these muscles at the tip of the scapula avoids in-
advertent elevation of both muscles during the dis-
section along the posterior axillary line.

Failure to close the communication of the breast
pocket with the back wound beneath the transposed
latissimus dorsi musculocutaneous flap may result in
herniation of the implant into the axilla.

Tight, denervated fibers of the inferior pectoralis
major muscle are divided to allow optimal breast pro-
jection.

The inferior border of the breast pocket on the an-
terior chest walls must be located at the level of the
sixth rib slightly beneath the superior rectus sheath.
An inadequate breast pocket at the level of the infra-
mamimary line results in unsatisfactory breast posi-
tion.

The skin island of the latissimus dorsi musculocu-
taneous flap is inset obliquely at the inframammary
line. Inset of this island transversely or vertically may
result in inadequate release of inferior breast skin
with impairment of breast projection. An abnormal
fold may also result immediately above the infra-
maramary line if the inferior border of the skin island
is inset above the inframammary line.
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Severe contralateral breast ptosis may require mas-
topexy. The use of implants on the breast reconstruc-
tion site in which volume adjustment (double lumen
implant) is possible facilitates matching breast sizes
(Fig. 15-2).

Postoperative errors

Postoperative closed suction drainage of the back
donor area is recommended. Compressive chest
dressings are avoided.

Intraoperative ligation of the secondary segmental
blood supply of the latissimus dorsi muscle via the
perforating intercostal lumbar arteries avoids postop-
erative hematoma formation. However, later seroma
formation may occur, requiring needle aspiration.

Superficial wound infection may respond to appro-
priate antibiotic therapy. Infection located within the
breast pocket requires implant removal (Fig. 15-3).
Repeat operation for implant insertion when prior in-
fection has occurred requires antibiotic coverage
based on the prior bacterial sensitivity. Residual bac-
teria may reside in the breast pocket despite a long,
asymptomatic interval between procedures.
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RADICAL MASTECTOMY
Planning errors

Planning errors in the radical mastectomy are the
same as for the modified radical mastectomy. Design
of the skin island obliquely may result in inadequate
muscle for simulation of the pectoralis major muscle.
The skin island located close to the superior muscle
border allows a majority of the muscle that is located
inferiorly to the skin island to transpose superiorly to
the skin island on the anterior chest wall. Thus the
latissimus dorsi muscle can be used to replace a
missing pectoralis major muscle.

Technical errors

Technical errors in the radical mastectomy are the
same as for the modified radical mastectomy. The an-

Fig. 15-3

A, Three-month postoperative view of
breast reconstruction. Infection
beneath latissimus dorsi musculo-
cutaneous flap.

B, Implant removed and pocket
drained. Gel implant reinserted 6
months after wound healed.

terior skin may have adhesions to the axillary and the
subclavian vein as a result of the absence of the pec-
toralis major muscle. The dissection within the axilla
and in proximity to the clavicle is performed under
direct vision to avoid vascular injury.

Release of latissimus dorsi insertion and transposi-
tion to the anterior axilla may be used for restoration
of the anterior axillary fold. This requires dissection
adjacent to the thoracodorsal artery. Although this
technique restores the anterior axillary fold, loss of
the latissimus dorsi origin-insertion (length-width)
ratios may accentuate late muscle atrophy.

Postoperative errors

Postoperative care in the radical mastectomy is the
same as for the modified radical mastectomy.



POSTERIOR TRUNK

A SYSTEMATIC APPROACH
TO FLAP SELECTION

Stephen J. Mathes ® Foad Nahai

Skin grafts

Skin grafts are method of choice provided vertebral column is not
exposed

Local flaps (Figs. 16-1 and 16-2)

1. Posterior trapezius musculocutaneous flap is flap of choice for the
upper third of the posterior trunk

2. Latissimus dorsi muscle or musculocutaneous flap is flap of choice
for the middle third of the posterior trunk (Figs. 16-3 to 16-6)

3. Gluteus maximus muscle or musculocutaneous flap is flap of choice
for the lower third of the posterior trunk (Fig. 16-7)

4. Transverse back flap is an alternative flap for coverage of midline
back defects

Distant flaps

Distant flaps are rarely indicated in reconstruction of the posterior
trunk
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Defect

Fig. 16-1. a, Upper thixd; b, middle third: ¢, lower Fig. 16-2. a, Trapezius; b, latissimus dorsi, ¢, glu-
third. teus maximus.
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Fig. 16-3. Distally based latissimusa dorsi flap.
A, Defect in midposterior back.

B, Design and elevation of skin island on latissimus dorsi based on secondary seg-
mental pedicles.

C, Transposition of musculocutaneous flap provides coverage of defect.

Fig. 16-4
A, Inferior back defect requiring flap coverage.

B, Design and elevation of skin island on latissimus dorsi muscle based on second-
ary segmental pedicles.
C, Muscle folded to allow skin to cover defect.
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Fig. 16-5. Reverse latissimus dorsi flap.
A, Osteoradionecrosis of midback involving inferior thoracic vertebrae. NOTE: Scar

overlying Jeft posterior shoulder at site of prior thoracotomy. Despite prior division
of proximal latissimus dorsi muscle fibers, posterior muscle is still vascularized
via secondary segmental vascular pedicles from lumbar and thoracic perforating
arteries and posterior intercostal arteries. Design of reverse lanssimus dorsi mus-
culocutaneous flap.

Dotted lines indicate site of planned division of latissimus dorsi muscle based on
secandary segmental vascular pedicles.
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Fig. 16-5, cont’d

C, Reverse latissimus dorsi musculocutaneous flap is folded on itself to transpose
skin island to back where coverage is required.

D, Stable coverage provided by reverse latissimus dorsi musculocutaneous flap.
NOTE: Donor defect is closed directly,
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EREBSBELEE D ST

Fig. 16-6. Latissimus dorsi musculocutaneous flap.

A, Middle third defect of back in the midline:

B, Bilateral elevation of latissimus dorsi musculocutaneous flaps based on proximal
major vascular pedicles. Dotted lines indicate site where connections between
latissimus dorsi muscle and serratus anterior and abdominal fascia are divided.
Technique is preferred for myelomeningocele closure.

C, Skin incisions bilaterally allow further transposition of musculocutaneous flaps to
posterior midline for large defects.

D, Muscle and skin approximated in midline. Donor defects on lateral trunk require
skin grafts for closure without tension.
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Fig. 16-7

A, Osteomyelitis of sacrum secondary to prior major blunt trauma.

B, Sequestrectomy includes remaining sacrum. NOTE: Rectum is located at base of
wound. Since patient is ambulatory, only superior gluteus maximus muscle is
transposed to provide coverage for defect.

(From Mathes, S.J., Vasconez, L.O., and Jurkiewicz, M.].: Extensions and further applications
of muscle flap transposition, Plast. Reconstr. Surg. 60:6, 1977.)
Continued.
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Fig. 16-7, cont’d

C, Gluteus maximus muscle is split, transposing superior gluteal muscle based on
superior gluteal artery. Inferior half of gluteus maximus muscle, including origin,
insertion, vascular supply, and innervation, is preserved.

D, One-year postoperative view demonstrates stable coverage provided by superior
gluteus maximus muscle transposition with function preservation. Patient is am-
bulatory with no hip instability after reconstructive procedure because inferior
half of muscle was preserved.
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SOFT TISSUE COVERAGE OF
THE POSTERIOR TRUNK

Muscle and musculocutaneous flaps have specific
applications for reconstruction of the posterior trunk.
Most of the defects are midline and are the result of
congenital defects, previous surgery, or radiation
therapy. The availability of these flaps has simplified
the reconstruction of such defects.

The three most useful muscles are the trapezius,

Fig. 17-1. Blood supply of flaps for coverage of pos-
terior trunk.

latissimus dorsi, and gluteus maximus. The trapezius
will cover the upper third of the back, the latissimus
the middle third, and the gluteus maximus the lower
third. Other muscles with limited application for back
coverage include the serratus anterior, serratus pos-
terior, and the paraspinous muscles. The transverse
back flap, although strictly not a musculocutaneous
flap, is based on perforating musculocutaneous ves-
sels through the paraspinous muscles (Figs. 17-1
and 17-2).

Fig. 17-2. Arc of rotation.

349



350  APPLICATIONS: POSTERIOR TRUNK

TRAPEZIUS
Anatomy

The trapezius is a large, flat, thick muscle that
originates posteriorly from the base of the skull over
the occipital protuberance, nuchal line, and spinous
processes of the seventh cervical and all thoracic ver-
tebrae. This muscle inserts into the lateral third of
the clavicle, acromion, and along the spine of the
scapula.

The trapezius muscle has a type II vascular pat-
tern. The dominant vascular pedicle, the transverse
cervical artery, enters the muscle in the base of the
neck. The muscle has a segmental secondary vascu-
lar pedicle from the occipital artery and posterior in-
tercostal arteries entering adjacent to the midline.

Flap elevation

The trapezius muscle may be transposed based ei-
ther on its dominant vascular pedicle, the transverse
cervical artery, or its secondary segmental pedicles.
Since the majority of posterior truncal defects are lo-
cated in the midline, injury or abnormality of the sec-
ondary segmental pedicles from the posterior inter-
costal arteries is common. For this reason the stan-
dard trapezius muscle or musculocutaneous trans-
position flap is based on its dominant vascular pedicle
from the transverse cervical artery.

The muscle is elevated from its vertebral origin
and scapular attachments. The overlying skin is gen-
erally included with the muscle. This skin is located
between the posterior midline and scapula. The skin

may be extended 3 to 4 cm inferiorly to the scap-
ula. At the base of the flap located at the shoulder,
the continuity of the skin is maintained for defects
over the upper thoracic vertebrae. However, for de-
fects over the shoulder or neck, a skin island may
be designed over the posterior trapezius muscle
(Fig. 17-3).

Flap elevation begins inferiorly with elevation of
the extended portion of the skin flap over the upper
edge of the latissimus dorsi. With the inferior edge of
the trapezius muscle identified, the musculocuta-
neous flap is elevated by release of its vertebral ori-
gin. At the level of the scapula, the muscle plane be-
tween the trapezius and rhomboid muscles is identi-
fied. Caution is required to avoid elevation of the
rhomboid muscles with the flap. At the superior edge
of the scapula, this musculocutaneous unit will have
adequate length for transposition over defects in the
upper third of the posterior trunk.

Functional considerations

Elevation of the posterior trapezius muscle re-
quires release of its vertebral origin and acromial in-
sertion. Winging of the scapula is prevented by the
underlying rhomboid muscle and the latissimus dorsi
muscle. The continuity of the superior trapezius fi-
bers between the base of the skull and clavicle is not
disturbed. Both the motor nerve and the dominant
vascular pedicle enter the flap at the base of the neck
and are distant from the site of flap elevation. Use of
posterior trapezius muscle or musculocutaneous flap

Fig. 17-3. Coverage of shoulder defect with posterior trapezius flap.
A, Shotgun blast of left shoulder posteriorly.
B, Deep defect extending to scapula and shoulder joint. Design of trapezius flap.

(Courtesy Stephen Gordon, Atlanta.)
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Fig. 17-3, cont’d

C, Flap dissected.

D, Flap elevated.

E, Flap tunneled through to defect over shoulder. Donor defect closed directly.
F, Early postoperative result.
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is not associated with shoulder drop and its associ-
ated functional deformity.

The skin over the shoulder may be elevated with
the superior trapezius muscle as a musculocutaneous
flap. This musculocutaneous unit requires division of
the dominant vascular pedicle, the decending branch
of the transverse cervical artery, to the trapezius
muscle. The muscle unit is based on a superior seg-
mental pedicle, the occipital artery. This flap design
may result in shoulder droop related to release of su-
perior trapezius fibers and possible denervation of
posterior fibers as a result of injury to the eleventh
nerve.

LATISSIMUS DORSI
Anatomy

The latissimus dorsi is a large, flat muscle with or-
igins from the lower six thoracic vertebrae, the lum-
bar and sacral vertebrae, and the posterior iliac crest.
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The fibers converge toward the insertion and consti-
tute the posterior axillary fold. The tendon then in-
serts into the bicipital groove of the humerus.

The latissimus dorsi has a type V pattern of blood
supply. The dominant pedicle, the thoracodorsal ar-
tery, enters the muscle over the deep surface—the
axilla approximately 10 to 12 cm from the insertion.
The secondary segmental blood supply is based on
posterior perforating branches of the intercostal and
lumbar arteries. The segmental vessels enter the
muscle at its origin 3 to 4 cm from the midline pos-
teriorly. The latissimus dorsi can be based on either
blood supply for coverage of the back (Figs. 17-4 and
17-5). The origin may be completely divided, then a
large flap is advanced toward the opposite side for
midline coverage, or for smaller defects a portion of
the muscle based on the secondary segmental blood
supply may be elevated and transposed for coverage
of smaller defects.

Fig. 17-4. Two arcs of rotation of latissimus dorsi flap
are based on either the major pedicle or secondary
segmental vascular pedicles.

Fig. 17-5. Reconstruction of shoulder defect with latissimus dorsi flap.

A, Fifty-four-year-old man 20 years after deep burns of posterior trunk with non-
healing wound at base of neck and two failed skin grafts.

B, Wide excision of the unstable scar did not reveal any neoplastic component in
the specimen. An island of skin is designed over the superior border of the latis-

simus dorsi muscle.

C, The island musculocutaneous flap, based on the major thoracodorsal blood sup-
ply is shown in place and the donor area closed directly.
D, Two-year postoperative view of stable coverage of shoulder.
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Fig. 17-5. For legend see opposite page.
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Flap evaluation

Standard flap. For coverage of large defects such
as a myelomeningocele, the entire origin of the mus-
cle is divided, and the muscle is dissected free from
the underlying tissues. This unit with or without the
overlying skin will then advance toward the midline
(Fig. 17-6). For extensive defects both latissimus
dorsi flaps are elevated. Flap elevation is started
through the existing midline defect; the plane below
the latissimus dorsi is identified. It should be noted
that inferiorly the latissimus dorsi has a fascial origin.

This origin is divided, the segmental perforators
through the paraspinous muscle are divided, and
then the origin of the muscle from posterior iliac
crest is sharply divided. Superiorly perforating vessels
through the serratus anterior and serratus posterior
muscles are divided. At this stage the entire muscle
should be free, and it will then advance at least 6 to
8 cm. If necessary at this stage, the skin overlying
the anterior free border of the latissimus dorsi muscle
in the posterior axillary line may be incised from the
axilla to the posterior iliac crest. This will allow fur-
ther advancement of the skin.

Fig. 17-6

A, Fourteen-year-old girl with severe gibbus
deformity secondary to myelomeningocele.

B, Patient after partial resection of bony gibbus
(in preparation for future insertion of Har-
rington rods). Latissimus dorsi muscle flap
based on thoracodorsal artery has been de-
tached distally, medially, and laterally.

C, Muscle has been placed over the vertebral
defect and skin closed primarily.




Distally based flap. The distally or segmentally
based latissimus dorsi flap is elevated as an island for
closure of smaller defects. The island is outlined
transversely across the back with the arc of rotation
based 2 to 3 cm from the midline posteriorly (Fig. 17-
4). The skin island is extended to the posterior axil-
lary line. The island of skin is then incised and the
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underlying latissimus dorsi muscle identified. The
muscle is then divided and the unit elevated laterally
and dissected toward the midline. The perforating
segmental vessels enter the flap approximately 2 to 3
cm from the midline. The vessels are 1 to 2 mm in
size and need not be identified. The dissection is
stopped at this point and the island transposed either
superiorly or inferiorly (Fig. 17-7).

Fig. 17-7

A, Eighteen-year-old woman with myelomeningo-
cele 5 years after correction of severe kyphosco-
liosis and insertion of Harrington rods. Small
sinus over unstable scar communicates with me-
tallic foreign body.

B, Design of distally based latissimus dorsi island
musculocutaneous flap.

C, Musculocutaneous island flap is shown sutured
in place and donor area closed primarily (9-
month follow-up examination).

(From Mathes, S.J., and Nahai, F.: Classification of the
vascular anatomy of muscles: experimental and clinical
correlation, Plast. Reconstr. Surg. 67[2]:177, 1981.)
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Functional considerations. Functional considera-
tions are essential in selecting flaps for closure of
defects in patients with myelomeningoceles. Schott-
staedt and co-workers have pointed out the function
of the latissimus dorsi in the polio victim. Similarly,
in the paraplegic patient the upper limb girdle must
not be weakened by indiscriminate use of the latissi-
mus dorsi. The standard latissimus dorsi flap just de-
scribed should not alter function. Although the origin
of the muscle is divided, it is again resutured, usually
to the other side. The reverse tiap may, however,

completely disrupt the muscle if it is designed in the
middle of the muscle. However, a very low or a very
high reverse flap would leave most of the muscle in-
tact.

GLUTEUS MAXIMUS

Musculocutaneous flaps based on the gluteus
maximus flap will cover low midline defects of the
back (Fig. 17-8).

Fig. 17-8. Coverage of back with combined latissimus dorsi and gluteus maximus

flaps.

A, Course of 12-year-old boy with myelomeningocele 6 weeks after Harrington rod
insertion complicated by infection and resultant wound disruption.
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Fig. 17-8, cont’d

B, Latissimus dorsi territory and paraspinal perforators are marked; gluteus maxi-
mus territory is marked inferiorly.

C, One-year postoperative view after application of two musculocutaneous flaps. Su-
perior portion is latissimus dorsi flap based on thoracodorsal artery, and inferior
portion is a gluteus maximus flap based on superior gluteal artery. Continuity
between two flaps was divided to facilitate transposition into midline. Donor area
over right flank has been skin grafted.
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Anatomy

The gluteus maximus is a thick, broad muscle with
oxigin from the gluteal line of the ilium and sacrum
and insertion into the greater trochanter and iliotibial
tract. It has a type III pattern of blood supply with
the superior gluteal artery supplying the upper half
and the inferior gluteal the lower half of the muscle.
Both these vessels are branches of the internal iliac
artery. The superior gluteal artery enters the upper
half of the muscle medially just above the piriformis
muscle, and the inferior gluteal artery enters the
muscle medially below the piriformis muscle. The in-
ferior gluteal artery lies closer to the sciatic nerve.

Flap elevation

The gluteus maximus flap may be elevated as a
turnover muscle flap or as a musculocutaneous flap
for coverage of midline defects.

Turnover flap. An incision is made directly over
the muscle; the insertion into the trochanter is di-
vided and the flap elevated from the lateral border to
the medial border. The plane between the gluteus
maximus and the underlying gluteus medius and
minimus is indistinct, therefore sharp dissection is
necessary. The sciatic nerve is exposed deep to the
lower half of the muscle.

Musculocutaneous island. The island of skin over
the upper or lower half of the muscle is outlined. The
skin incision is made, the muscle insertion divided,
and the flap elevated from the lateral border to the
medial border. The gluteal vessel is then identified
and preserved. To develop an arc of rotation that will
allow coverage of the midline, the origin of the mus-
cle is divided, allowing the entire muscle to cover the
sacral defect. This unit is then transposed as an is-
land musculocutaneous flap (Fig. 17-9).

Functional considerations

Functional considerations are essential in gluteus
maximus selection and design. This muscle is not
dispensable, and the selection of the entire muscle in
an ambulatory patient will lead to significant func-
tional loss. However, one half can be elevated with-
out significant functional impairment.

PARASPINOUS MUSCLES
Anatomy

The paraspinous group of muscles takes origin
from the spinous processes of the lumbar vertebrae
and inserts into the sacrum.

These muscles have a type IV pattern of blood sup-
ply with multiple vascular pedicles from the lumbar
arteries. Based on its segmental vascular pedicles,
this muscle has a limited arc of rotation. The muscle
has been used to cover myelomeningocele defects.
However, identification of muscle units with vascular
patterns allowing safer and more reliable coverage
(e.g., latissimus dorsi) has obviated the use of this
muscle.

Transverse back flap. The transverse back flap is
based over the paraspinous muscle and extends hor-
izontally across the midline with a length-width re-
lationship of 2'%:1. This flap represents a random
skin extension of the paraspinous muscular perforat-
ing vessels of the lumbar arteries across the midline.

Flap elevations

The transverse back flap is useful for coverage of
midline defects located in the lower third of the pos-
terior trunk. The flap is designed immediately adja-
cent to the defect. The flap base is centered over the
paraspinous muscle with a width of 8 cm and ex-
tends across the midline to the lateral aspect of the
posterior trunk. Flap elevation begins distally with in-
cision to the level of the lumbosacral fascia. The flap
is elevated between this fascia and the subcutaneous
tissue. Then this flap is elevated across the midline,
the paraspinous fascia is elevated with the flap. Per-
forating branches of the lumbar artery are identified
and carefully preserved. The base of the flap is lo-
cated at the medial edge of the paraspinous muscle.
The arc of rotation may be safely increased by a short
back cut in the skin edge distant from the defect.

This flap may be designed at any level of the infe-
rior trunk for a defect located adjacent to the midline.
Since the circulation to the portion of the flap cross-
ing the midline is located in the subdermal plexus,
this flap is not reliable when its territory has been
subjected to prior radiation therapy.

CONCLUSION

Defects of the posterior trunk are closed with the
trapezius, latissimus dorsi, and gluteus maximus
flaps. The trapezius is the flap for the upper third of
the posterior trunk, the latissimus dorsi for the mid-
dle third, and the gluteus maximus for the lower
third.
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Fig. 17-9. Coverage of sacrum with gluteus maximus musculocutaneous island flap.
A, Pressure-induced defect over sacrum.
B, Wound excised and flap outlined.

C, Flap advanced into defect in V-Y fashion and view of healed flap.
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The trapezius, latissimus dorsi, and gluteus maxi-
mus muscles and the transverse back flap are avail-
able for reconstruction of posterior trunk defects.
Specific complications related to use of these flaps
are discussed to prevent flap failure in reconstruction
of posterior trunk defects.

TRAPEZIUS
Planning errors

Prior radiation, trauma, or operative procedures on
the posterior trunk are not likely to have affected the
blood supply to the trapezius. The posterior trapezius
is most useful for coverage for the upper third of the
posterior trunk, and the flap should be designed to
preserve the upper fibers and hence function, which
avoids shoulder drop.

Technical errors

The underlying rhomboid muscles are intimately
associated with the trapezius muscle. Dissection pro-
ceeds from the distal border to the proximal border,
and the trapezius is first elevated off the latissimus
dorsi, then off the rhomboids. Dissection deep to the
rhomboids leads under the scapula.

As elevation of the posterior trapezius flap allows
function and preservation, branches of the eleventh
nerve to the anterior fibers of the muscle must be
preserved.
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Postoperative errors

Appropriate suction drainage and positioning of the
patient are essential to avoid postoperative complica-
tions.

LATISSIMUS DORSI
Planning errors

In planning a latissimus dorsi flap for posterior
trunk coverage, the blood supply and the muscle
function preservation must be taken into account. It
is unlikely that trauma, radiation, or surgical inter-
vention in the posterior trunk would affect the blood
supply through the thoracodorsal pedicle. However,
the secondary segmental blood supply through the
perforating branches of the intercostal and lumbar
arteries may easily be compromised by radiation,
trauma, or surgical intervention on the back.

The standard latissimus dorsi flap based on the
thoracodorsal vascular pedicle that is advanced over
the midline will not lead to functional problems, pro-
vided that after advancement the divided muscle ori-
gin is sutured to preserve muscle tension. However,
reverse or distally based flaps designed over the mid-
portion of the muscle may well affect function by di-
viding the muscle. However, a very high or low re-
verse flap would preserve function by leaving most of
the muscle intact.



Technical errors

Standard flap. For the standard flap, elevation of
the latissimus dorsi musculocutaneous flap is started
from the midline usually through the defect, and the
dissection proceeds from the medial border to the lat-
eral border. Correct identification of the latissimus
dorsi is essential. This is difficult after previous radia-
tion and in children with myelomeningocele who
have a large gibbus deformity. Once the latissimus
dorsi is identified, it is dissected off the underlying
paraspinous muscles. It is essential to take the fascial
origin of the latissimus dorsi off the posterior iliac
crest completely and to elevate the muscle all the
way to the lateral border. This dissection should then
allow adequate advancement of the flap to cover the
midline. If further advancement is required, a skin
incision may be made laterally on the anterolateral
border of the latissimus dorsi.

Distally based flap. The segmental or distally
based flap is elevated from the lateral border to the
medial border. The vascular pedicle is located 2 to 3
cm from the midline, therefore medial dissection is
stopped 3 to 4 cm from the midline.

Postoperative errors

Adequate suction and positioning of the patient to
avoid pressure on the flaps are essential to prevent
postoperative complications.

GLUTEUS MAXIMUS
Planning errors

Either half of the gluteus maximus muscle will
cover the sacrum. The upper half of the muscle will
reach the lower lumbar vertebrae. The entire muscle
should not be used in ambulatory patients because
this will lead to hip instability.

The skin island should be designed with dimen-
sions that will allow direct skin closure. Skin grafting
of the donor defect is difficult and may leave an un-
acceptable donor area.
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Technical errors

Identification of the upper border of the gluteus
maximus is difficult, because it lies deep to the thick
lumbosacral fascia. This fascia has to be divided and
then the muscle identified.

The piriformis muscle deep to the gluteus maxi-
mus muscle is an important landmark. It indicates
the level of the muscle splitting, because the superior
gluteal artery is located above the piriformis and the
inferior gluteal artery below it.

Postoperative errors

Closed suction drainage and positioning so that
pressure on the flap is avoided are essential to pre-
vent postoperative complications.

TRANSVERSE BACK FLAP
Planning errors

This flap is based on the lumbar perforating arter-
ies on one side and extends toward the opposite side
across the midline. In length it should not be de-
signed beyond the posterior superior iliac crest on the
opposite side.

Technical errors

The perforators are located 2 to 3 cm laterally to
the midline, therefore flap elevation should not ex-
tend beyond these vessels. Usually flap elevation pro-
ceeds rapidly toward the midline. Once the midline
is crossed, flap elevation proceeds more slowly so
these vessels can be identified and preserved.

Postoperative errors

Suction drainage and positioning to avoid pressure
on the flap are essential to prevent postoperative
complications.
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A SYSTEMATIC APPROACH
TO FLAP SELECTION

Stephen J. Mathes m Foad Nahai

UPPER ABDOMEN (Fig. 19-1)
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A SYSTEMATIC APPROACH TO FLAP SELECTION

Skin grafts

1. Skin grafts are method of choice for immediate coverage of defects
2. Grafts may be placed directly on abdominal contents

3. Grafts may be placed directly on synthetic mesh

Local flaps (Fig. 19-2)

1. Rectus abdominis flap, when available, is flap of choice for unilat-
eral defects (Fig. 19-3)
2. External oblique musculocutaneous flap is alternative flap

Distant flaps

1. Latissimus dorsi musculocutaneous flap is alternative flap
2. Free tissue transplantation is rarely indicated

Rectus abdominis
Thoracoepigastric flap
External oblique

Fig. 19-2
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Fig. 19-3. Rectus abdominis musculocutaneous flap.

A, Immediate treatment of close-range shotgun blast includes ileostomy and resto-
ration of abdominal wall continuity with prolene mesh.

B, Successful coverage provided by skin grafts placed directly over synthetic mesh.

C, Left anterior abdominal wound subject to frequent breakdown because of insta-
bility ot skin graft over mesh.

D, Design of superiorly based rectus abdominis musculocutaneous flap. NOTE: Pre-
vious ileostomy placed through cutaneous territory of muscle unit. However, an-
giograms confirm patency of superior epigastric artery.

E, Anatomy of rectus abdominis muscle flap. s, Superior epigastric arterv—major
pedicle for superiorly based flap; i, inferior epigastric artery—major pedicle for
inferiorly based flap. Elevation of superiorly based flap below semicircular line of
Douglas results in potential site for abdominal hernia (arrow).

(C, D, and F from Mathes, S.J., and Bostwick. J., I1I: Br. J. Plast. Surg. 30:282, 1977.)



Fig. 19-3, cont’d

E,
G;

Elevation of superiorly based rectus abdominis musculocutaneous flap.

Stable wound coverage provided over abdominal wall defect by transposition of
rectus abdominis musculocutaneous flap. NOTE: Donor defect is closed directly
with preservation of posterior rectus sheath without subsequent hernia forma-
tion. One-year postoperative view of anterior abdomen. (Recent Z-plasty per-
formed on donor site scar.)
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LOWER ABDOMEN (Fig. 19-4)

Fig. 19-4

Skin grafts

See upper abdomen

Local flaps (Fig. 19-5)

1. Rectus abdominis musculocutaneous flap, when available, is the
flap of choice for unilateral defect

2. Thoracoepigastric axial flap and external oblique musculocutaneous
flap are alternative flaps

Distant flaps (Fig. 19-5)

1. Tensor fascia lata musculofascial and musculocutaneous flaps are
flaps of choice for reconstruction of the lower abdominal wall (in
thin individuals this flap may well reach the upper abdomen) (Fig.
19-6)

2. Rectus femoris musculocutaneous flap is alternative flap for abdom-
inal wall reconstruction and flap of choice for wounds with chronic
infection or osteomyelitis of pelvis (Fig. 19-7)

3. Axial groin flap is the flap of choice for soft tissue defects that do
not require fascial reconstruction (Fig. 19-8)
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Rectus abdominis
External oblique
Thoracoepigastric tiap
Groin flap

Fig. 19-5

External oblique
Tensor fascia lata
Rectus femoris
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Fig. 19-6. TFL musculocutaneous flap.

A and B, Preoperative view of abdominal hernia in 60-year-old woman several vears
after resection and irradiation for carcinoma of cervix. She has small bowel fistula
into vagina and abdominal wall hernia with previous skin grafts directly over bowel.

C, Resection of hernia and small howel fistula.
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Fig. 19-6, cont'd

D, Extended TVFL flap elevated and transposed onto abdominal wall defect.

E and F, Abdominal wall after operation reconstructed with TFL flap. Fascia lata
replaces absent abdominal wall fascia and musculature.
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Fig. 19-7. Bilateral rectus femoris flaps.

A, Osteoradionecrosis of inferior abdominal wall and sacrum after recent abdominal
peroneal resection and radiation therapy. Bilateral exposure of femoral vessels is
noted.

B, Wound débridement includes pubis and portion of sacrum in retroperitoneal area.

C, Elevation of left rectus femoris muscle and right musculocutaneous flap.
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Fig. 19-7, cont’d

D, Left rectus femoris muscle flap transposed for coverage over left femoral vessels
and muscle placed into sacral defect.

E, Left rectus femoris muscle flap transposed for coverage of left femoral vessels
and for pelvic defect. Right rectus femoris musculocutaneous flap transposed for
coverage of right femoral vessels and coverage of inferior abdominal wall defect.
Both donor defects closed directly.

F, Three-month postoperative view demonstrates stable wound coverage provided
by bilateral rectus femoris muscle and musculocutaneous flaps.



374  APPLICATIONS: ABDOMEN

Fig. 19-8. Groin flap.

A, Exposed prolene mesh used to establish continuity of right anterior abdominal
wall after emergency treatment for perforated colon carcinoma.

B, Right axial groin flap transposed over exposed mesh used for abdominal wall
reconstruction.

C, One-year postoperative view demonstrates stable wound coverage provided by ax-
ial flap transposition. (Donor site covered with skin graft.)



ABDOMEN

RECONSTRUCTION

Foad Nahai m Michael Scheflan m Stephen ]J. Mathes

The goals of reconstructive surgery of the abdomen
are two-fold and include reestablishment of the in-
tegrity of the abdominal wall and provision of soft tis-
sue coverage. With full-thickness loss of the abdom-
inal wall, both are required. However, in some in-
stances only soft tissue coverage or only the reestab-
lishment of the integrity of the abdominal wall is
necessary. Large hernias where soft tissue coverage
is adequate, for example, can be corrected by the re-
pair or replacement of the weakened muscles only.
Muscle and musculocutaneous flaps will provide soft
tissue coverage, and some of the flaps can replace
abdominal wall muscles and fascia to reestablish the
integrity of the abdominal wall.

Synthetic mesh, Marlex or Prolene, may be used to
reconstruct the abdominal wall musculature and
then covered with a skin graft or flap. Mathes and
Stone have shown the value and reliability of this
method for the immediate reconstruction of large
full-thickness traumatic wounds of the abdominal
wall resulting from close-range shotgun wounds. The
elevation of local or distant flaps is best avoided in
acute injuries where bowel perforation and fecal con-
tamination are common. Conservative management
with synthetic mesh, followed by skin graft, is more

appropriate initially. Later definitive reconstruction
with flaps is undertaken if indicated. After tumor re-
section or elective repair of large hernias, flaps may
be elevated primarily for reconstruction of full-thick-
ness defects of the abdominal wall.

A variety of muscle and musculocutaneous flaps
may be used for coverage or reconstruction of the ab-
dominal wall. These include the rectus abdominis
and external oblique muscles, which themselves are
abdominal wall muscles; TFL; rectus femoris; gracilis
from the thigh; and latissimus dorsi from the poste-
rior trunk (Fig. 20-1).

TFL

The TFL flap is the most useful flap for recon-
struction of the abdominal wall. Wangensteen de-
scribes the use of the fascia lata as a pedicled fascial
flap for reconstruction of abdominal wall hernias.
With the overlying skin as an extended TFL flap, this
fascia can be used for reconstruction of full-thickness
defects. Therefore this unit may be elevated either as
an extended TFL flap or as a musculofascial flap for
reconstruction of the abdominal wall.
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Fig. 20-1

A, Muscles and musculocutaneous flaps for reconstruction of abdominal wall.

B, Arc of rotation of flaps.

Flap elevation

Extended TFL musculocutaneous flap. The flap is
designed on the anterolateral thigh. The point of ro-
tation based on the dominant pedicle from the lateral
circumflex femoral artery is approximately 10 cm be-
low the anterior superior iliac spine. The length and
width of the flap are designed according to the size
of the defect to be reconstructed (Fig. 20-2). The an-
terior border is a line from the anterior superior iliac
spine to the knee, and the posterior border is a
straight line from the greater trochanter to the knee.
The flap can be safely extended anteromedially to in-
clude skin over the rectus femoris if a wider flap is
required (Fig. 20-3). The flap can also be extended

posteriorly, but anteromedial extension is preferred,
because the subcutaneous fat layer is thicker poste-
riorly.

Flap elevation proceeds from the distal border to
the proximal border in the avascular plane between
the fascia lata and the vastus lateralis. At a level ap-
proximately 15 c¢m below the anterior superior iliac
spine, the deep surface of the TFL muscle is identi-
fied, and dissection then continues deep to the mus-
cle. The pedicle is then identified entering the deep
surface of the muscle medially. The lateral circum-
flex femoral artery emerges deep to the rectus fe-
moris and superficial to the origin of the vastus later-
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Fig. 20-2. Reconstruction of abdominal wall with TFL flaps.
A, Outline of flap and abdominal wall defect.
B, Flap transposed as island and donor area closed directly.

alis. The pedicle is dissected from the surrounding
tissues to allow the 180° rotation of the flap for ab-
dominal wall coverage. The skin incisions are then
completed and the flap transposed. The flap is trans-
posed as an island to avoid “dog ears” over the iliac
crest. Tunneling of the flap should be avoided, even
if this means excision of intact abdominal wall skin
so that the flap can reach the defect. The fascia lata
is then sutured into the muscle and fascial margins
of the abdominal wall defect, while the skin of the
flap is sutured to the skin margins of the defect. The

fascia lata is strong enough to reestablish abdominal
wall integrity, and synthetic mesh is not required.
However, if, in the judgment of the reconstructive
surgeon, mesh is preferred, then the TFL flap may
be placed on the mesh to provide soft tissue coverage.

For flaps up to about 8 cm in width the donor area
can be closed directly. Wider flaps will require skin
grafting. However, this may vary with the body build
of the patient. In general, the arc of rotation in a thin
patient is greater, and the donor area is closed more
readily.



Fig. 20-3. Reconstruction of full-thickness defect of abdominal wall with extended

TFL flap.

A, Sixty-five-year-old man with extensive liposarcoma of abdominal wall involving
muscles.

B, Resultant defect after wide resection of tumor. NOTE: Exposed bowel and external
iliac vessels.

C, Wide, extended TFL flap is elevated and transposed as island. NOTE: Flap ex-
tends well over rectus femoris muscle.



Fig. 20-3, cont'd

Flap sutured to abdominal wall and donor
area skin grafted.

Result 18 months after operation. Indwelling
Foley catheter for unrelated problem.

Lateral view to show integrity of abdominal
wall.

One-stage reconstruction of abdominal wall
with TFL flap.
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Musculofascial flap. The TFL flap may be elevated
as muscle and fascia lata without the overlying skin.
This musculofascial flap is useful for reconstruction
of abdominal wall defects where soft tissue coverage
is adequate but muscle or fascia has been destroyed,
as in large hernias (Fig. 20-4). The fascia lata is ex-
posed through a longitudinal incision on the antero-
lateral thigh. The width and length of the fascia lata
are designed to fit the defect. The overlying skin is
dissected off the fascia lata and the fascia lata incised
distally. The fascia is then dissected off the vastus

lateralis from the distal border to the proximal border.
The muscle and vascular pedicle are identified, as
previously described. The muscle and fascia are then
turned over, and if necessary, the fascia may be tun-
neled through into the defect where it is sutured into
the margins of the abdominal wall. Provided a wide
tunnel is created, the fascia may be tunneled safely.
The fascia is sutured into the defect under adequate
tension. The TFL muscle remains innervated so that
abdominal wall tension can be maintained through it.
The donor area is closed directly.

Fig. 20-4. Reconstruction of abdominal wall with

TFL musculofascial flap.

A, Recurrent traumatic hernia of left lower quad-
rant.

B, Musculofascial flap elevated.

C, Hernia excised and musculofascial flap shown
over defect.

D, Fascia tunneled through a wide tunnel to de-
fect.
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Fig. 20-4, cont’d

E, Fascia brought into defect.

F, Flap sutured in place.

G, Fascia lata sutured into defect.
Continued.
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RECTUS FEMORIS

The rectus femoris is an excellent and reliable unit
that will provide soft tissue coverage for the abdomi-
nal wall. It can be elevated with the fascia lata to
reconstruct muscular and fascial defects. Its arc of
rotation is similar to that of the TFL, but it is a flap
of second choice if the TFL is available. The rectus
femoris is a much thicker flap and is not suitable for
repair of hernias where skin coverage is adequate.
The potential functional loss after transposition of
this flap should be considered before flap selection.
In defects with chronic infection resulting from
trauma or osteoradionecrosis, the rectus femoris
muscle is preferred for coverage after débridement of
infected bone (sequestrectomy) and soft tissue.

Flap elevation

The skin territory of the rectus femoris is located
centrally on the anterior thigh. The skin island is

Fig. 20-4, cont’d
H and I, Final result donor site closed directly.

placed over the upper two thirds of the muscle. The
incision is made, and the distal muscle is identified.
The muscle is divided at a point 8 cm above the knee.
The distally cut tendinous portion of the muscle is
then sutured to the underlying vastus intermedius to
minimize functional loss. The flap is then elevated
from the distal border to the proximal border of the
vastus intermedius. Dissection is continued proxi-
mally until the sartorius muscle is identified, crossing
in front of the rectus femoris. At this level the vas-
cular pedicle, a branch of the lateral circumflex fem-
oral artery, is identified. The lateral femoral circum-
flex artery runs deep to the rectus femoris, and the
pedicle of the flap courses anteriorly into the muscle.
Dissection beyond the vascular pedicle point of en-
trance into the muscle is rarely required. The donor
site for islands of skin 8 cm or less in width can be
closed directly, whereas wide islands of skin require
skin grafting of the donor area.
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Fig. 20-5. Arc of rotation of superiorly based rectus
abdominis flap (superior arc).

RECTUS ABDOMINIS

The rectus abdominis flap may be elevated as a su-
periorly based flap on the superior epigastric artery
(Fig. 20-5) or inferiorly based on the inferior epigas-
tric artery (Fig. 20-6). This unit will only provide soft
tissue coverage. Although the anterior rectus sheath
is elevated with the musculocutaneous flap, the mus-
cle that is segmentally innervated through its lateral
border is denervated during flap elevation and cannot
contribute to the maintenance of abdominal wall in-
tegrity. The foregoing, coupled with the fact that the
rectus abdominis is a muscle on the abdominal wall
and may well be damaged or resected when the de-
fect is created, limits the usefulness of this flap for
abdominal wall reconstruction.

Flap elevation

Superior arc. The skin island is outlined over the
muscle and incised. The anterior rectus sheath is in-
cised at the level of the umbilicus or a few centime-
ters below for longer flaps. The muscle is then di-
vided and the flap elevated from the distal border to

Fig. 20-6. Arc of rotation of inferiorly based rectus
abdominis flap (inferior arc).

the proximal border of the posterior rectus sheath.
The muscle dissects off easily with blunt dissection
between the tendinous intersections. However, at the
tendinous intersections careful, sharp dissection is
essential. Laterally the segmental motor nerves are
divided and the flap elevated to the level of the costal
margin. The donor area is closed directly. The medial
border of the external oblique is advanced and su-
tured to the linea alba and the skin closed directly.
The use of the superior half of the rectus abdominis
does not weaken the abdominal wall, because the
strength of the anterior and posterior rectus sheath is
the same at this level.

Inferior arc. The use of the inferiorly based rectus
abdominis musculocutaneous flap is not recom-
mended, because it may lead to weakening of the
lower abdominal wall. Below the semicircular line of
Douglas, the anterior rectus sheath is made up of the
external and internal oblique fascia, but the posterior
sheath is made up only of the transversalis fascia. For
this reason alternative flaps are preferred to the infe-
rior rectus abdominis flap.
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EXTERNAL OBLIQUE

As an abdominal wall muscle with a segmental
nerve and blood supply, the external oblique also has
limited application for reconstruction of abdominal
wall defects. However, under certain circumstances
it will provide full-thickness tissue for reconstitution
of abdominal wall integrity and soft tissue coverage.
Hershey and Butcher report the use of compound
fascia muscle and skin flaps based on the external
oblique muscle for reconstruction of abdominal wall
defects. The entire muscle and overlying skin are
transposed superiorly or inferiorly (Fig. 20-1, B). The
donor defect over the internal oblique muscle is then
skin grafted.

LATISSIMUS DORSI

The latissimus dorsi based on the thoracodorsal
pedicle will reach and cover the upper abdomen just
below the costal margin. The lower portions of the
origin of the latissimus dorsi muscle are fascial, and
this fascia can be transposed anteriorly into the lat-
eral abdominal wall for closure of full-thickness de-
fects. This limited arc of rotation to the abdominal
wall limits the usefulness of the latissimus dorsi in
reconstruction of the abdominal wall.

GRACILIS

The gracilis muscle will reach the lower abdomen.
However, this is a relatively narrow muscle, and its
arc of rotation to the abdomen is limited. These two
factors will therefore limit this unit’s usefulness for
reconstruction of the abdominal wall.

CONCLUSION

Reliable one-stage reconstruction of a variety of de-
fects of the abdominal wall is possible with the appli-
cation of muscle and musculocutaneous flaps. The
TFL and rectus femoris are particularly useful, be-
cause the blood supply to these flaps is based on the
lateral circumflex femoral artery and therefore is not
compromised by radiation, trauma, or tumor resec-
tion of the abdominal wall. This, of course, is also
true of the latissimus dorsi and gracilis, which have
a more limited application in reconstruction of the
abdominal wall.

Choice of flap

The TFL is the flap of first choice for abdominal
wall reconstruction. As a musculocutaneous flap, it
will provide one-stage reconstruction of full-thickness
defects and as a musculofascial flap for correction of
hernial defects. The TFL will easily reach up to the
level of the umbilicus. In thin individuals it will reach
up to the costal margin. In general, however, the use
of the TFL is limited to the lower half or two thirds
of the abdominal wall.

The arc of rotation and clinical applications of the
rectus femoris in abdominal wall reconstruction are
similar to that of the TFL musculocutaneous flap.
However, this is a flap of second choice after the
TFL. The rectus femoris is a much thicker flap and
functional loss may result after its use.

The rectus abdominis will only provide soft tissue
coverage. The upper half of the rectus abdominis
based on the superior epigastric artery is preferred
because elevation of the lower half may weaken the
abdominal wall. This flap is most useful in coverage
of synthetic mesh reconstruction of the opposite up-
per half of the abdominal wall.

The external oblique is useful for full-thickness re-
construction of small defects of the upper abdomen.
For fascial defects the external oblique fascia can be
turned over as a flap. In this situation its application
is useful for correction of midline hernial defects.

The gracilis and latissimus dorsi have limited ap-
plications to the abdominal wall. The latissimus dorsi
will reach the lateral abdominal wall, and the gracilis
will reach the midline inferiorly.

Timing of reconstruction

Full-thickness defects resulting from tumor exci-
sion may be safely reconstructed in one stage at the
time of resection. Similarly, large hernial defects can
be reconstructed definitively in one operation. How-
ever, for traumatic loss of the abdominal wall, espe-
cially with perforation and fecal contamination, im-
mediate flap coverage should be avoided. Recon-
struction of abdominal wall integrity with synthetic
mesh and later skin graft coverage is preferred. At a
later stage definitive reconstruction with flaps may be
undertaken.
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ABDOMINAL WALL

A number of flaps are available for reconstruction
of the various sections of the abdominal wall. These
flaps may be used alone or with synthetic mesh. Ab-
dominal wall integrity and soft tissue coverage must
be achieved to avoid complications. For large defects
a combination of flaps may be necessary.

TFL
Planning errors

There is some margin for error in designing the
skin territory over the TFL; however, the posterior
extension of the skin is not reliable. The posterior
thigh skin is supplied through the hamstrings and
the inferior gluteal artery. The flap can be extended
to within 5 to 8 cm of the knee. Beyond this length
the skin may not be reliable. The arc of rotation of
the TFL will vary greatly with the habitus of the pa-
tient. In obese patients, especially women, the TFL
is a bulky flap, and the arc of rotation is limited.

In patients with significant arteriosclerotic vascular
disease or vascular trauma, angiography should be
considered to evaluate the profunda femoris artery.
The donor defect from a wide TFL musculocuta-
neous flap in heavy patients will not close primarily,
and a skin graft is necessary.

The deep surface of the TFL musculecutaneous
unit is comprised of fascia. Although this is advanta-
geous for abdominal wall reconstruction, this fascia
appears less resistant to bacterial contamination. A
musculocutaneous flap with muscle on the deep sur-
face of the distal flap (e.g., rectus femoris) is prefer-
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able for wounds with poor vascularity and chronic in-
fection.

Technical errors

Excessive bleeding between the fascia lata and the
underlying vastus lateralis may indicate unsuspected
damage to the pedicle of the TFL, the terminal
branch of the lateral circumflex femoral artery. In
this case an alternative flap should be elevated.

RECTUS ABDOMINIS
Planning errors

The rectus abdominis has limited use in abdominal
wall reconstruction because of involvement of the
muscle or its vascular pedicle in the area of injury. It
is mandatory preoperatively to establish patency of
the appropriate inferior or superior vascular pedicle,
depending on the direction of flap transposition. De-
spite a normal internal mammary and superior epi-
gastric artery, the distal rectus abdominis muscle and
its cutaneous island may not survive or be consis-
tently reliable.

Technical errors

Elevation of the inferior muscle, below the semicir-
cular line of Douglas, weakens the lower abdominal
wall. Hernia is avoided by closure of the inferior an-
terior rectus sheath or advancement of external
oblique fascia to midline fascia. The superior epigas-
tric artery running just below the rectus abdominis
over the costal margin is very vulnerable to injury
during this part of the flap elevation.



Postoperative errors

Nasogastric suction in the immediate postoperative
period may prevent problems with gastric distention
and increased intra-abdominal pressure.

EXTERNAL OBLIQUE
Planning errors

The external oblique muscle has limited applica-
tion in abdominal wall reconstruction because of its
short arc of rotation. Its use is primarily reserved for
defects in the lateral abdominal wall. Use of the ex-
ternal oblique muscle may weaken the abdominal
wall in the flap donor region.

Technical errors

The segmental nature of the blood supply to the
external oblique muscle limits its useful arc of rota-
tion. Extensive dissection to facilitate flap rotation
may result in division of blood supply necessary for
flap survival. A back cut to facilitate flap rotation may
compromise the blood supply by division of segmen-
tal vascular pedicles.

Postoperative errors

Nasogastric tube decompression to reduce intraab-
dominal pressure may be necessary if abdominal dis-
tention is noticed.

LATISSIMUS DORSI
Planning errors

The latissimus dorsi will reach portions of the ab-
domen, but the arc of rotation may limit its use to
upper lateral defects. If the muscle has been previ-
ously denervated, its bulk will be inadequate for use
in abdominal wall reconstruction. The latissimus
dorsi should never be used in the presence of a pre-
vious thoracotomy scar, because the distal muscle
and the skin will not survive.

Technical errors

Use of the latissimus dorsi flap for the abdominal
wall will require mobilization of the entire muscle.
All proximal dissection must be performed under di-
rect vision to avoid damage to the neurovascular ped-
icle or other structures in the axilla. The motor nerve
to the latissimus dorsi should be preserved to retain
muscle bulk. Tunneling should be avoided. The latis-
simus dorsi muscle must be separated from the un-
derlying serratus anterior muscle during flap eleva-
tion. Inadvertent elevation of the serratus anterior
muscle with the latissimus dorsi must be avoided.
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Postoperative errors

Closed suction drainage to the donor deficit avoids
serum collection in the large donor defect in the
back. The patient should be positioned to avoid pres-
sure on the flap.

THORACOEPIGASTRIC FLAP
Planning errors

The thoracoepigastric flap has limited arc of rota-
tion that restricts its use to the lower abdominal wall.
It is important to consider preoperatively possible
damage to the perforating vessels that supply this
flap from the internal mammary artery through the
rectus abdominis muscle. The presence of a previous
paramedian incision precludes the use of the flap.
This flap alone will not reestablish abdominal wall in-
tegrity.

Technical errors

In elevating the thoracoepigastric flap, it is crucial
to preserve the perforating vessels between the rec-
tus abdominis and the flap.

RECTUS FEMORIS
Planning errors

The rectus femoris muscle is useful only for cov-
erage of the lower abdomen. This is not an expend-
able muscle because of impairment of full knee ex-
tension, especially if other muscles in the quadriceps
group are weak. In patients with significant periph-
eral vascular disease, preoperative angiography may
be necessary to evaluate the blood supply to the flap.
The fascia lata may be elevated with this flap to es-
tablish abdominal wall continuity.

Technical errors

The dissection plane between the rectus femoris
and vastus medialis is not distinct and may be diffi-
cult to establish. This should be done precisely to
avoid continuing proximally in an improper plane.
The proximal dissection of this muscle must be per-
formed under direct vision, because the branches of
the femoral nerve are in proximity to the vascular
pedicle.

Postoperative errors

The patient should be positioned to avoid pressure
on the flap. Closed suction drainage to the donor de-
fect is recommended.
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A SYSTEMATIC APPROACH
TO FLAP SELECTION
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GROIN (Figs. 22-1 and 22-2)

Fig. 22-1. Fxposed femoral vessels.
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Skin graft

Skin grafts are method of choice provided vital structures are not
exposed (femoral vessels and nerve)

Local flaps

1. Sartorius muscle flap is flap of choice for routine coverage of vessels
after radical groin lvmphadenectomy (Fig. 22-3)

9. Tensor fascia lata flap is flap of choice for more extensive defects or
after radiation

3. Rectus femoris and gracilis muscle or musculocutaneous flaps are
alternative flaps (Fig. 22-4)

4. Vastus lateralis muscle flap and skin graft are alternative flap

Distant flaps

1. Omentum is rarely indicated
2. Free tissue transplantation is rarely indicated
3. Abdominal skin flaps are not indicated

Tensor fascia lata
Vastus lateraiis
Rectus femoris

Sartorius
Gracilis

Fig. 22-2
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Fig. 22-3. Sartorius muscle for coverage of groin vessels.
A, Exposed femoral vessels in left groin after radical lymphadenectomy for level V

melanoma of foot.
B, Routine transposition of proximal sartorius muscle provides coverage over ex-

posed femoral vessels.
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Fig. 22-4. Coverage of exposed irradiated femoral vessels in 42-year-old woman after
resection and radiation of liposarcoma of lateral thigh.
A, Radiation ulcer on right groin with exposed femoral vessels.

B, Closeup view.
Continued.



Fig. 22-4, cont’d

C, Wound debrided.

D, Rectus femoris muscle flap covers exposed ves-
sels.

E, Postoperative view demonstrates stable coverage
of vessels but recurrent tumor has invaded flap.
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PERINEUM (Fig. 22-5)

e

Fig, 22-5

Skin grafts

Skin grafts are method of choice for coverage of uncomplicated
wounds and agenesis of the vagina

Local flaps

1. Random flaps are alternative method for penile reconstruction
2. Groin axial flap is alternative flap for penile reconstruction

Distant flaps (Figs. 22-6 and 22-7)

1. Gracilis muscle and musculocutaneous flaps
a. Flap of choice for vaginal reconstruction after extirpative surgery
or radiation (Fig. 22-8)
b. Flap of choice for penile reconstruction
¢. Useful as functional muscle for rectal incontinence (Fig. 22-9)
d. Flap of choice for chronic perineal wound after abdominal peri-
neal resection (Fig. 22-10)
2. TFL and inferior gluteal thigh flap are alternative flaps
Rectus femoris musculocutaneous flap is alternative flap
4. Gluteal thigh flap is flap of choice for immediate reconstruction for
extensive perineal defects after extirpative surgery (Fig. 22-11)

ot
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Tensor fascia lata
Rectus femaris
Gracilis
: L -
Gluteal thigh flap
Fig. 22-6 Fig. 22-7

Fig. 22-8. Reconstruction of vagina.

A,

=

~

B i

E/

Absence of pelvic musculature and vagina after radical hysterectomy. Cutaneous
territory marked for bilateral gracilis musculocutaneous flaps. Territory is inferior
to line connecting pubis with medial condyle.

Bilateral flaps elevated.

Musculocutaneous flaps passed through subcutaneous tunnel into perineal re-
gion,

Bilateral cutaneous territories sutured to form reconstructed vagina. Muscle is
then sutured to encircle neovagina,

Reconstructed vagina is placed into perineal defect. Skin edges are sutured to
labial skin to complete single-stage vaginal reconstruction.

(From Mathes, 5., and Nahai, I'.. Clinical atlas of muscle and musculocutaneous flaps, St
Louis, 1979, The C.V. Moshy Co.)
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Fig. 22-8. For legend see opposite page.
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Fig. 22-9. Gracilis muscle functional transposition.

A, Absence of rectal sphincter after multiple fistulectomies and attempts at recon-
struction of anal musculature.

B, Elevation of gracilis musculocutaneous flap. Arrow denotes minor pedicle before
its division.
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Fig. 22-9, cont’d

C, Muscle passed through subcutaneous tunnel into perianal region.

D, External position of muscle demonstrates its planned configuration for use as
functional transfer for reconstitution of anal spincter.
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Fig. 22-10. Abdominal perineal reconstruction.

A, Chronic wound infection resulting from wound healing failure at site of previous
abdominoperineal resection (2 years).

B, Wound débridement includes removal of chronic granulation tissue and nonvia-
ble bone in retroperitoneum.

C, One or both gracilis muscles are transposed into pelvic defect.
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Fig. 22-10, cont'd

D, Débridement of sinus tract into retroperitoneum superficial to sacrum. NOTE: Po-
sition of gracilis muscle before inset into retroperitoneal cavity. g, Gracilis before
insertion into pelvic defect.

E, Muscle is placed into retroperitoneum over exposed anterior sacral bone. Donor
site is closed directly.

F, One-year postoperative view of gracilis muscle transposition demonstrates com-
plete healing of chronic abdominal perineal wound.
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Fig. 22-11. Inferior gluteal thigh flap.

A, Preoperative view of squamous cell carcinoma of rectum before abdominal peri-
neal resection.

B, Elevation of bilateral inferior gluteal thigh flaps with deepithelialization of inferior
flaps for insertion into retroperitoneal defect. Skin territories used for cutaneous
coverage.

(From Hurwitz, D. ]J., Schwartz, W. M., and Mathes, S. J.: The gluteal thigh flap: a reliable,
sensate flap for closure of buttock and perineal wounds, Plast. Reconstr. Surg. 68[4]:3, 1981.)
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Fig. 22-11, cont’d

C, Six-month postoperative view demonstrates stable wound coverage after transpo-
sition of bilateral inferior gluteal thigh flaps for immediate reconstruction after
abdominoperineal resection.
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RECONSTRUCTION

H. Louis Hill, Jr. ® T. Roderick Hester ® Foad Nahai

The successful management of soft tissue defects
in the groin and perineum has long been a challeng-
ing problem for the reconstructive surgeon. Multi-
stage procedures were necessary for reconstruction
in this region. The application of muscle and mus-
culocutaneous flaps offers a simple, safe, one-stage
method for reconstruction of such defects. Soft tissue
defects of the groin and perineum are most fre-
quently the result of trauma or ablative surgery for
tumors of the genitalia or perianal regions. Tumor re-
section in this area is often complicated by radiation
therapy. Moreover, this anatomic region is suscepti-
ble to the problems of skin maceration (especially in
the obese), urinary and fecal contamination, fistuli-
zation, and infection, leading to delayed or incom-
plete wound closure. Vital anatomic structures such
as the femoral vessels are exposed as a result of ex-
tirpative surgery in this region. Moreover, the total
reconstruction of the penis, vaginia, and vulva makes
reconstruction in this area even more challenging.

Traditional methods for tissue coverage and recon-
struction in this area require multiple procedures of-
ten with incomplete or inadequate results leading to
prolonged periods of recovery after trauma, tumor re-
section, or radiation therapy. The muscle and mus-
culocutaneous flaps offer the following advantages:

1. A blood supply that is based out of the field of

resection or radiation therapy

2. A blood supply precisely known as is the exact

location of vascular pedicles

3. A one-stage procedure for reconstruction and

coverage

402

Several flaps have been used in this area: TFL,
gracilis, sartorious, rectus femoris, vastus lateralis,
and biceps femoris. All have been reliable, however,
four of these flaps have been particularly useful and
far more commonly used: TFL, gracilis, sartorius,
and rectus femoris. These four flaps and their appli-
cations will be discussed in detail.

TFL

The TFL takes its origin from the anterior 5 cm of
the iliac crest. The small muscle belly blends with
and inserts into the iliotibial tract of fascia lata in the
upper thigh. It is an expendable muscle that is an
accessory medial rotator of the thigh.

The single dominant vascular pedicle (type I), the
terminal branch of the lateral circumflex femoral ar-
tery, enters the muscle on its deep surface at a point
approximately 8 to 10 cm below the anterior superior
iliac spine. The muscle is innervated by a branch of
the superior gluteal nerve. The skin territory of this
unit is innervated by the lateral femoral cutaneous
nerve of the thigh (L2-3) and a lateral branch
of T12.

The flap may be elevated as a standard or extended
flap. The standard flap includes the muscle and over-
lying skin and may measure up to 10 to 15 cm. The
extended flap includes muscle and fascia lata down
to within 4 to 8 cm of the knee, with the overlying
skin of the anterolateral thigh. The extended flap
may measure 15 X 35 cm. With the vascular pedicle
located close to 2 limb girdle, this unit has an anterior



and a posterior arc of rotation (Fig. 23-1). The ante-
rior arc will cover the groin, perineum, and abdomi-
nal wall, whereas the posterior arc will reach the tro-
chanter and ischium.

It is not necessary to delay the extended flap, and
either flap can safely be elevated as an island. The
donor defect is closed directly for small flaps, how-
ever, for wider flaps the donor defect may require
skin grafts.
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Flap elevation

The anterior border of the flap is marked by draw-
ing a line from the anterior superior iliac spine to the
lateral condyle of the tibia. The greater trochanter
marks the posterior boundary. The length is then
marked according to the reconstructive needs. For
vulval coverage and abdominal wall reconstruction a
long flap is necessary; for groin coverage a shorter
flap is necessary. The width may be safely extended

JL

Fig. 23-1. Blood supply and arc of rotation of tensor fascia lata musculocutaneous

flap.
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beyond these markings for several centimeters if de-
sired. Flap dissection is then started distally and con-
tinued from the distal border to the proximal border.
The skin and fascia lata are incised, skin margins are
temporarily sutured to the fascia lata, and the flap is
then elevated off the vastus lateralis in a relatively
avascular plane. At a level approximately 8 to 10 cm
from the anterior superior iliac spine, the vascular
pedicle is identified as it emerges deep to the rectus
femoris muscle. At this stage the flap is ready for
transposition. If the flap is to be an island, the nec-
essary further incisions can then be made.

Clinical application

Groin coverage. The standard TFL flap has proved
most useful for coverage of groin defects, particularly
those after radical lymphadenectomy.

Vulval reconstruction. The extended TFL flap will
not only cover the exposed vessels after radical groin
lymphadenectomy but has been reliable for vulval re-
construction in patients undergoing radical vulvec-
tomy and groin dissection for carcinoma. Postopera-
tive recovery time, expecially in the irradiated pa-
tient, has been considerably shortened and postoper-
ative morbidity dramatically reduced (Fig. 23-2).

Fig. 23-2. Vulval reconstruction and groin coverage with TFL musculocutaneous flap

after radiation and radical groin dissections.

A, Extensive vulval carcinoma.

B, Bilateral groin metastasis required bilateral lymphadenectomy in continuity with
radical vulvectomy.

C, Surgical specimen.

(From Nahai, F., Hill, H.L., and Hester, T.R.: Experiences with the tensor fascia lata flap,

Plast. Reconstr. Surg. 63:788, 1979.)
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Fig. 23-2, cont'd
D, Resultant defect with exposure of bi-
lateral femoral vessels and large cen-
tral pelvic defect.
E, Elevation of bilateral TFL musculocu-
taneous flaps.
F, Flaps used to reconstruct proximal va-
gina and cover both groin defects.
G, Donor defects closed directly.
H, Postoperative view demonstrates sta-
ble wound coverage provided by bilat-
eral TFL flaps.
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Reconstruction of recurrent inguinal hernia.
Wangensteen in 1934 reported his experience with
the use of “the iliotibial tract of the fascia lata as a
pedicle flap” for repair of difficult and recurrent her-
nias. This method has also proved most useful for re-
construction of recurrent inguinal hernias (Fig. 23-
3). For use in reconstruction of hernias the flap is

TR
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elevated as a musculofascial flap. Flap dissection pro-
ceeds as for the musculocutaneous flap, but the over-
lying skin is not elevated with the fascia lata. The
muscle and fascia lata are isolated and transposed
into the hernial defect where the fascia is sutured
into position under tension.

Fig. 23-3. Reconstruction of recurrent groin hernia

with musculofascial TFL flap.

A, Fifty-six-year-old man with four times recurrent
right groin hernia. Hernia sac and TFL flap out-
lined.

B, TFL muscle and fascia lata elevated.
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Fig. 23-3, cont'd
C, Fascia sutured into groin defect.
D, Hernia repair with use of vascularized fascia lata.
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GRACILIS

The gracilis is a long, thin muscle on the medial
aspect of the thigh. It takes origin from the pubic
symphysis and inserts into the medial tibial condyle.
This muscle has one proximal dominant and one or
two distal minor pedicles (type II). The dominant
pedicle is the medial circumflex femoral artery that
enters the muscle and its deep surface at a point ap-
proximately 8 to 10 cm below the pubic symphysis.

7

Based on this pedicle the muscle has an anterior and
a posterior arc of rotation (Fig. 23-4). Anteriorly it
will reach the groin and perineum, and posteriorly it
will reach the ischial and perirectal areas. The flap
may be raised as a musculutaneous unit with a skin
island measuring up to 10 x 20 cm. The muscle is
innervated by the obturator nerve and acts as an ac-
cessory adductor of the thigh. This muscle is dispen-
sible.

J L
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Fig. 23-4. Blood supply and arc of rotation of gracilis muscle and musculocutaneous

flap.



Flap elevation

The key to safe elevation of this musculocutaneous
flap is the accurate outlining of the skin island so
that it is directly over the muscle. This is a thin mus-
cle, measuring only 5 to 6 cm in width, and a skin
island twice this width is usually elevated based on
the muscle (Fig. 23-5). The accurate outlining of the
island is more difficult with the patient in the li-
thotomy position. It is also more difficult in the obese
patient. The correct orientation of the skin island
over_the muscle is facilitated by identification of the
gracilis tendon just above the knee. A line is drawn
ffom the pubic symphysis to the medial tibial condyle
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for identifying skin territory include exposure and
identification of the muscle origin.

Once the skin island is outlined, fiz TO-
ceeds from the dist: = rder.
TheskKin island is usually twice as wide as the mus-
cle. It is advisable to suture the skin temporarily to
-tﬁe-underlying muscle and bevel the incision in the
subcutaneous Ussuc away from the muscle to pre-
serve the musculocutaneous perforators. As the
gracilis muscle is elevated off the adductor magnus

muscle, e distal minor pefhcles, one or two alrect

1 -

lrrerrelres-ef-tiresUpciiicial temoral artery, are identi-
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(Fig. 2376, ) Thegracilis muscle amd s skt erri-
vosterior to this A small iacision is then

[ hosterior Lo

this line. Through this incision the is tendon 1s
identified. The tendon of the gracilis is found be-
tween the muscular fibers of The sartorius anteriorly
and the fascial expanse ol the semimembranosus
posteriorly (Fig, 23-6, B). The gracilis tendon 1s then
firmlv retracted. With traction on the tendon, the
muscle 15 palpated and the skin island outlined Ui-
rectdy™B¥Er (he muscle (Fig. 23-6, C). Because (e
SKITof the medial thigh is so mobile, especially in
the obese, the skin territory of this muscle cannot be
outlined by external landmarks. Alternate methods
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pubic symphysis. The pedicle emerges deep to the
medial border of the adductor longus muscle to enter
the grac e o1l 1ts deep surlfac ~The
mitrscte=rrery-—titerT be divided at its orlglirand the flap
transposed. For greater arc of rotation the major
pedicle may be dissected or mobilized by retracting
the adductor longus. The donor defect is always
closed directly.

Because the gracilis is a type II muscle, with one
dominant and one or two distal pedicles, the gkin ter-
ritory over the lower third of the muscle is not reli-
able. For this reason the skin island is usually based
on _the upper two thirds of the muscle.

-

Fig. 23-5. Gracilis muscle (5 to 6 cm in width) is elevated with a much wider island

of skin.
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Sartorius

Gracilis

Semimembranosus

.
‘

Fig. 23-6. Identification of gracilis muscle and skin island.

A, Skin markings.

B, Relationship of gracilis to sartorius and semimembranosus.

C, Gracilis tendon identified. Traction on tendon demonstrates skin overlying
muscle.



Clinical applications

The gracilis has proved most useful for reconstruc-
tion of the vagina, penis, and anal sphincter and cov-
erage of the groin, perineum and perirectal region.

Vaginal reconstruction. McCraw and co-workers
demonstrate the use of bilateral gracilis flaps for vag-
inal reconstruction with good results. The operative
details of this procedure are outlined in Fig. 23-7. For
successful vaginal reconstruction with these flaps, it
is essential to create a wide tunnel below the intact
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skin between the muscle and the vaginal defect. Ex-
cessive tension on the muscle and hence its pedicle
is to be avoided. Dissection and mobilization of the
pedicle are advised to avoid tension. The newly cre-
ated vaginal pouch is sutured into the pelvis prefera-
bly through an abdominal incision to avoid postoper-
ative prolapse.

The gracilis flap offers a one-stage method of total
vaginal reconstruction. The detailed anatomy of the
vascular supply is known, and the pedicle is out of
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Fig. 23-7. Reconstruction of vagina. Absence of pelvic musculature and vagina after

radical hysterectomy.

A, Cutaneous territory marked for bilateral gracilis musculocutaneous flaps. Terri-
tory is inferior to line connecting pubis with medial condyle.
B, Bilateral gracilis musculocutaneous island flap elevated with proximal pedicle in-

tact and muscle origin intact.

C, Musculocutaneous flaps passed through subcutaneous tunnel into perineal re-

gion.

D, Bilateral cutaneous territories sutured to form reconstructed vagina. Muscle is

then sutured to encircle neovagina.

E and F, Reconstructed vagina is placed into perineal defect. Skin edges are sutured
to labial skin to complete single-stage vaginal reconstruction.

(From Mathes, S.]., and Nahai, F.: Clinical atlas of muscle and musculocutaneous flaps, St.

Louis, 1979, The C.V. Mosby Co.)
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the field of tumor resection and radiation. Although
the muscle remains innervated, there is significant
atrophy as a result of the division of the muscle.
However, the bulk of this flap is not made up of mus-
cle but of subcutaneous fat that will not atrophy. The
flap has some limited pressure sensibility through the
muscle but of course no skin sensibility. It is fair to
conclude that although vaginal reconstruction with
these flaps leaves a lot to be desired in terms of nor-
mal sexual function, the application of these flaps for
reconstruction of pelvic defects after radical surgery
with or without radiation has reduced postoperative
morbidity and recovery time.

Unilateral gracilis flaps with or without the overly-
ing skin have had some application for the recon-
struction of vulvectomy defects. If the vulvectomy in-
cludes a radical groin dissection, our preference is to
use the TFL flap for groin coverage and vulval recon-
struction (Fig. 23-2).

Penile reconstruction. Orticochea describes the
use of a unilateral gracilis musculocutaneous flap as
a five-stage procedure for reconstruction of the penis.
McCraw subsequently uses the flap as a one-stage
procedure, and Hester demonstrates the use of a uni-

=
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lateral muscle-only flap covered with skin for recon-
struction of a ventral penile defect in a young man
with sickle cell disease. The gracilis musculocuta-
neous flap, which includes a thick subcutaneous
layer, produces a rather bulky facsimile of a penis
(Fig. 23-8). An excellent result using bilateral mus-
cle-only flaps covered with split skin grafts has been
reported by Hester and co-workers and is now our
preferred method of penile reconstruction (Fig. 23-
9). However, longer follow-up is necessary so that the
effect of muscle atrophy on the reconstruction can be
assessed. Muscle atrophy in a musculocutaneous flap
would not lead to much shortening as similar atrophy
in the muscle with skin graft. One advantage of the
muscle is that it provides a vascularized bed for the
urethral skin graft. The ideal penile reconstruction
still eludes us. The problems of sensibility and sexual
function have not been addressed. A combination of
the gracilis procedure and the groin flap procedure
may combine the best of both methods. The distal
portion of the groin flap, for example, is innervated
by the lateral branch of the T12 and may well form
the basis of the neurosensory flap for penile recon-
struction.

Fig. 23-8. Reconstruction of penis with unilateral gracilis musculocutaneous flap.

A, Musculocutaneous flap outlined.
B, Flap elevated.
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Fig. 23-8, cont’d
C, Flap tunneled through groin skin.
D, Muscle sutured around skin-grafted urethral reconstruction.

E, Skin island closed.



Fig. 23-9. Penis reconstruction with bilateral gracilis muscle flaps and skin graft.
A, Sixteen-year-old boy with epispadias.

B, Incisions outlined.

C, Muscles elevated on dominant vascular pedicle.

D, Muscles tunneled through groin skin.
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cont’d
Urethral reconstruction with skin graft.

Fig. 23-9,
E and F,



Fig. 23-9, cont’d
G and H, Muscles covered with skin graft.
I, Final result. NOTE: Muscle atrophy.



Anal sphincter reconstruction. The gracilis sling
was described by Pickrell and co-workers for the cor-
rection of anal incontinence and later urinary incon-
tinence with good results in children. However, Med-
gyesi and co-workers were unable to correct urinary
continence with this method in seven men. We have
had only limited but encouraging experience with
this method for correction of anal sphincter inconti-
nence in the adult.

Groin coverage. The gracilis unit will easily reach
and cover the medial groin area (Fig. 23-10). It will
not readily reach the femoral vessels, especially in
obese patients.
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Perineal coverage. Failure of primary healing of
the abdominal perineal wound results imr a defect re-
sistant to local wound care. Failure of this wound to
heal may relate to inadequate nutrition as a result of
long-term illness. Correction of nutritional and vita-
min deficiencies often results in secondary wound
healing. Persistance of inflammatory bowel disease is
sometimes associated with nonhealing, and a small
bowel series is required during patient evaluation.
Persistence of local tumor will result in nonhealing,
and biopsy of suspicious areas is required in the post-
operative cancer patient.

Fig. 23-10. Gracilis musculocutaneous flap coverage of groin.

A, Full-thickness defect over right pubis in young girl with exposed bone.
B, Flap outlined.
C, Stable wound coverage with gracilis musculocutaneous flap.
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Perirectal coverage. Generally, failure of wound
healing in the abdominal perirectal wound is related
to absence of well-vascularized soft tissue. This is es-
pecially common if the patient receives postoperative
radiation. The transposition of the gracilis muscle in
association with radical débridement of the pelvic
wound results in rapid wound healing. Since a
chronic sinus tract extends deep into the retroperito-
neum, a currette is helpful in removing the chronic
granulation tissue where small bowel is often pres-
ent at the wound base.

The muscle is generally elevated and transposed
through a skin tunnel into the pelvic defects. The
proximal or midthigh skin over the gracilis muscle
will not reach the anal region after transposition of
the gracilis muscle. Since distal gracilis skin is un-
reliable, a musculocutaneous flap is rarely used. Fur-
thermore there is generally adequate skin in the per-
ineum for wound coverage.

SARTORIUS

The sartorius is a long, thin, flat muscle that
crosses the thigh from the lateral border to the me-
dial border. It takes origin from the anterior superior
iliac spine and inserts into the medial tibial condyle.
The blood supply is segmental (type IV) with eight
to eleven direct pedicles from the superficial femoral
artery. These segmental vessels enter the muscle on
its medial border. It is innervated by a branch of the
femoral nerve. This is an expendable muscle that is
a lateral rotator and flexor of the thigh. As a type IV
muscle, it has a very limited arc of rotation. How-
ever, with ligation of the upper one or two pedicles
the muscle can be divided from its origin and trans-
posed medially into the groin (Fig. 23-11).

Flap elevation

Through a transverse groin incision, the muscle
that is the most superficial is identified. The upper
one or two pedicles are divided, and the muscle ori-
gin from the anterior superior iliac spine is divided.
The muscle may then be transposed medially.

Clinical application

This flap has proved useful and reliable for cover-
age of exposed femoral vessels or vascular prosthesis
in the inguinal region (Fig. 23-11).

RECTUS FEMORIS

The rectus femoris is a large, fusiform muscle that
is located superficially in the central anterior thigh.
It takes origin from the inferior iliac spine and blends
with the other quadriceps muscles to insert into the
patella. It has a dominant pedicle (type I), a branch
of the lateral circumflex femoral artery, that enters
the muscle on its deep surface at a point approxi-
mately 8 to 10 cm below the anterior superior iliac
spine. It is innervated by the femoral nerve and is a
strong extensor of the leg and the thigh flexor. The
patella mechanism must be preserved, and the re-
maining quadriceps must be intact to minimize the
functional loss resulting from the use of this muscle.
The skin territory of this flap is innervated by the an-
terior cutaneous nerve of the thigh.

Based on its single dominant pedicle, this unit has
an anterior and a posterior arc of rotation (Fig. 23-

" 12). Anteriorly it will cover the groin perineum and

abdominal wall, whereas posteriorly it will reach the
trochanter and ischium.

Flap elevation

A skin island is planned over the proximal two
thirds of the muscle. The proximal island is preferred
so that the skin coverage over the patellar tendon is
not disturbed. The island is incised over the muscle,
and the muscle is then divided distally several centi-
meters above the knee, taking care to avoid injury to
the patella tendon mechanism. The muscle is then
elevated off the vastus intermedius and the dissection
continued from the distal border to the proximal bor-
der. At the level where the sartorius muscle is visu-
alized the vascular pedicle can be identified entering
the rectus femoris on its deep surface. This point is
usually 8 to 10 cm below the anterior superior iliac
spine. At this stage the unit may be transposed. The
unit can safely be made into an island. The donor
defect is closed directly for standard size flaps. How-
ever, for wider flaps skin grafting of the donor defect
may be necessary.

Clinical applications

The rectus femoris will cover the groin and peri-
neum with a similar arc of rotation to the TFL. The
extended TFL flap is fascial on its deep surface,
whereas the rectus femoris is musculotendinous.
Under certain circumstances muscle may be prefer-
able to fascia despite the greater bulk. However, we
favor the use of the TFL flap, because its use is less
likely to produce any functional deficit in the thigh
or leg.



Fig. 23-11. Transportation of sartorius medially to cover exposed femoral vessels.
A and B, Exposed femoral vessels after groin lymphadenectomy.
C and D, Transposed sartorius covers vessels.
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Fig. 23-12. Blood supply and arc of rotation of rectus femoris musculocutaneous flap.



CONCLUSION

Although all of the flaps described have been use-
ful in reconstructive surgery in the groin and peri-
neum, some flaps are more ideally suited to special
problems. However, certain areas of overlap exist
where each of the flaps could be used. Specifically,
although the gracilis is most suitable for total vaginal
and penile reconstruction, all of these flaps have
some role in coverage of the groin. For groin cover-
age the TFL is our first choice. It is an expendable
unit that is thin and will cover the entire groin, since
it is located laterally. The rectus femoris is as reliable
a unit but is more bulky, is located more medially,
and is not an entirely dispensible muscle. The gracilis
especially in an obese patient may not reach the lat-
eral groin area.

Special mention must be made of the infected ex-
posed vascular prosthesis. Although the TFL, rectus
femoris, and sartorius will cover these, the TFL
would not be our first choice. It would be preferable
to cover the prosthesis with muscle such as the sar-
torius with a TFL flap over the sartorius, as opposed
to placing the fascia directly over the prosthesis. If
the sartorius is not adequate, then a rectus femoris
flap or vastus lateralis would be preferable to the
TFL. Exposed infected prostheses respond more fa-
vorably when covered by highly vascularized muscle
rather than fascia, which is relatively less vascular.
Under these circumstances where an exposed or in-
fected vascular prosthesis threatens limb survival,
the use of the rectus femoris or vastus lateralis,
which may lead to functional disability, appears jus-
tified.

ANNOTATED BIBLIOGRAPHY

1. Baronofsky, I.D.: Technique of inguinal node dissec-
tion, Surgery 24:555, 1948.

The transposition of the sartorius for coverage of the
exposed femoral vessels after radical groin dissection
is described.

2. Bhagwat, B.M., Pearl, R.M., and Laub, D.R.: Uses of
the rectus femoris myocutaneous flap, Plast. Reconstr.
Surg. 62:698, 1978.

Four case reports using the rectus femoris for closure
of complex wounds in the groin and buttock areas are
presented. Anatomy and surgical techniques are de-
tailed. The muscle is a reasonable alternative for
wound coverage in these areas in the paraplegic pa-
tient. The question of functional loss in ambulatory
patients after the application of this flap is raised.

RECONSTRUCTION 421

. Bostwick, J., III, Hill, H.L., and Nahai, F.: Repairs in

the lower abdomen, groin, or perineum with
myocutaneous or omental flaps, Plast. Reconstr. Surg.
63:186, 1979.

Thirty-one cases of complicated wound coverage with
musculocutaneous flaps or omentum are discussed.
Anatomy and arc of rotation of each flap are outlined
along with recommendations for flap selection. One-
stage reconstruction is again stressed.

. Boxer, T.B.: Reconstruction of the male genitalia,

Surg. Gynecol. Obstet. 141:939, 1975.

A review of the history of the reconstructin of male
genitalia is presented. At the time of publication of
this article, the application of muscle and musculocu-
taneous flaps to this region had not been fully de-
scribed.

. Gillier, H.D., and Harrison, R.J.: Congenital absence of

the penis with embryological consideration, Br. J. Plast.
Surg. 1:8, 1948.

A detailed discussion of this relatively rare deformity
is presented.

. Hester, T.R., Hill, H.L., and Jurkiewicz, M.J.: One-

stage reconstruction of the penis, Br. J. Plast. Surg.
81:279, 1978.

One-stage successful reconstruction of the penis is
demonstrated using bilateral gracilis muscles, cover-
ing a full-thickness neourethral graft. A split-thickness
skin graft covers the muscles. Disadvantages and pos-
sible improvements are discussed.

. Hill, H.L., Nahai, F., and Vasconez, L.O.: The tensor

fascia lata myocutaneous free flap, Plast. Reconstr.
Surg. 61:517, 1978.

An initial account of the tensor fascia lata used as a
myocutaneous free flap. Anatomy, surgical technique,
advantages, and disadvantages are outlined.

. Hill, H.L., Hester, T.R., and Nahai, F.: Covering large

groin defects with the tensor fascia lata myocutaneous
flap, Br. J. Plast. Surg. 32:12, 1979.

A brief presentation of two cases of large groin defects
covered with transposition flaps of the TFL is dis-
cussed. One-stage reconstructive procedure is stressed.

. McCraw, J.B., and co-workers: Vaginal reconstruction

with gracilis myocutaneous flaps, Plast. Reconstr.
Surg. 58:176, 1976.

The application of the gracilis musculocutaneous flap
in 22 patients for reconstruction of the vagina after
radical pelvic surgery is presented. There is a detailed
discussion of anatomy, technique, and complications.



422

10.

11.

12.

13.

14.

15.

APPLICATIONS: GROIN AND PERINEUM

McCraw, J.B., Dibbell, D.G., and Carraway, J.H.: Clin-
ical definition of independent myocutaneous vascular
territories, Plast. Reconstr. Surg. 60:212, 1977.

An extensive review in the definition of the vascular
territories of clinical musculocutaneous flaps is pre-
sented.

Mathes, S.]., Vasconez, L.O., and Jurkiewicz, M.].:
Extensions and further applications of muscle flap
transpositions, Plast. Reconstr. Surg. 60:6, 1977.

Ninety-four cases of muscle flap transposition from
1973 to 1976 are presented. Muscles of the head and
neck, chest, and upper extremities are included with
particular emphasis placed on the perineal, sacral,
and lower extremity regions. The precise knowledge of
functional and vascular anatomy is stressed in this

paper.

Mathes, S.J., and Nahai, F.: Clinical atlas of muscle
and musculocutaneous flaps, St. Louis, 1979, The C.V.
Mosby Co.

An indepth clinical atlas and anatomic guide for re-
constructive surgeons using muscle and musculocuta-
neous flaps. All useful muscles are included, and an-
atomic studies and clinical cases are presented with
the advantages and disadvantages of each flap.

Medgyesi, S., Mortensen, S., and Nerstrom, B.: The
failure of free muscle transplants in the treatment of
urinary incontinence, Br. J. Plast. Surg. 32:336, 1979.

Free transplant of the extensor hallucis brevis muscle
for urinary incontinence is reported in seven patients.
The incontinence was unaffected in five patients. In-
cidentally, it is reported that only one out of seven
patients with epispadias has a successful result from
the gracilis sling procedure.

Nahai, F., and co-workers: The tensor fascia lata
myocutaneous flap, Ann. Plast. Surg. 1:372, 1978.

The first in a series of articles on this reliable and ver-
satile musculocutaneous flap is presented. Anatomy
and technique are detailed. Early clinical cases are
presented.

Nahai, F., Hill, H.L., and Hester, T.R.: Experiences
with the tensor fascia lata flap, Plast. Reconstr. Surg.
63:788, 1979.

An extensive experience with 60 cases is presented.
Anatomy and surgical techniques are stressed. The re-
liability and versatility of the flap are demonstrated
as a rotation, island, or free flap. Coverage of the
groin and reconstruction of the vulva are illustrated.

16.

17.

18.

19.

20.

21

Orticochea, M.: A new method of total reconstruction
of the penis, Br. J. Plast. Surg. 25:347, 1972.

A classic article that is partly responsible for the great
interest in and applications of muscle and musculo-
cutaneous flaps over the last 10 years is presented. A
reasonable result is presented, although the procedure
required five stages over a 2-year period.

Pickrell, K., and co-workers: Construction of a rectal
sphincter and restoration of anal continence by trans-
planting the gracilis muscle, Ann. Surg. 135:853, 1952.

The gracilis sling operation is described for the correc-
tion of anal incontinence.

Pickrell, K., and co-workers: Gracilis muscle transplant
for correction of urinary incontinence in male children,
Ann. Surg. 143:764, 1956.

The gracilis sling procedure is successfully applied for
the correction of urinary incontinence in male chil-
dren.

Puckett, C.L., and Montle, J.E.: Construction of male
genitalia in the transsexual using a tubed groin flap
for the penis and a hydraulic inflation device, Plast.
Reconstr. Surg. 61:523, 1978.

Although this article does not address muscle flap re-
construction or urinary reconstruction, one might
consider a sensory groin flap surrounding bilateral
gracilis flaps as a method of reconstructing a sensory
organ.

Robinson, D.W.: Surgical problems in excision and re-
pair of radiated tissue, Plast. Reconstr. Surg. 51:41,
1975.

The hazards of reconstructing radiated tissues are
outlined. Wide excision of involved tissue is stressed.
In most instances in this article flap coverage is pro-
vided through random tubed flaps. This article was
written before the widespread application of muscle
and musculocutaneous flaps to the groin region. How-
ever, it does emphasize the problems involved in recon-
struction of irradiated tissues.

Wangensteen, O.H.: Repair of recurrent and difficult
hernias and other large defects of the abdominal wall
employing the iliotibial tract of fascia lata as a pedicled
flap, Surg. Gynecol. Obstet. 59:766, 1934.

The application of the fascia lata as a pedicled fascial
flap is described for the repair of groin hernias and
abdominal wall defects.



GROIN AND PERINEUM

24

COMPLICATIONS

Stephen J. Mathes ®m Foad Nahai

The groin is the source of difficult coverage prob-
lems, because the exposed femoral vessel carries the
blood supply to the flaps available for coverage. Ade-
quate preoperative assessment of atherosclerotic vas-
cular disease is particularly important in this region.
Successful coverage of groin wounds through flap se-
lection may avoid future vascular complications.

TFL
Planning errors

Preoperative assessment of the patient’s habitus is
important in considering use of the TFL for perineal
coverage. The bulky TFL flap of an obese patient will
not always reach the perineum.

When the flap is used to cover an exposed vascular
prosthesis, the fascia of the TFL is directly over the
prosthesis and may not adhere to the prosthesis, re-
sulting in a space for abscess formation. For this rea-
son alternative flaps may be more suitable for cover-
age of the exposed vascular prosthesis.

Technical errors

Excessive bleeding between the fascia lata and the
underlying vastus lateralis muscle may indicate un-
suspected damage to the pedicle of the TFL, the ter-
minal branch of the lateral femoral circumflex artery.
Under these circumstances the vastus lateralis is el-
evated with the TFL as an alternative flap. Posterior
proximal dissection of this flap is difficult, because
the TFL muscle is adherent to the gluteus minimus
muscle. Adequate débridement of infected or necrotic
tissue is essential, especially in the radiated wound.

Postoperative errors

Soft suction drainage should be used postopera-
tively to avoid injury to the femoral vessels. Pro-
longed antibiotic coverage and Betadine irrigation
are recommended for the exposed infected vascular
prosthesis. Despite adequate flap coverage, salvage of
the infected prosthesis is not always possible because
of late graft thrombosis or recurrent infection (Fig.
24-1).
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Fig. 24-1

A, Musculocutaneous flap transposed for coverage of exposed vascular graft to right
lower extremity.

B, Thrombosis of vascular graft resulted in loss of arterial perfusion to musculocu-
taneous flap. Above-knee amputation required after flap loss and recurrent vas-
cular graft exposure.



GRACILIS
Planning errors

The incorrect orientation of the skin island over the
gracilis muscle is a common source of flap failure.
The distal skin island is unreliable. However, the
skin island must be located sufficiently distal to the
point of flap rotation to reach beyond the tunnel
Since the skin island must be located over the distal
third of the muscle to reach the perineum, transpo-
sition of muscle alone is preferred for this defect. In
obese patients the musculocutaneous flap is bulky,
which may reduce the arc of rotation.

Technical errors

Failure to localize the skin territory properly over
the gracilis muscle is one of the most common tech-
nical errors leading to flap failure. This is avoided by
either proximal or distal identification of the muscle
before the skin island is designed. The cutaneous ter-
ritory should be sutured to the muscle during flap
dissection to avoid shearing of the musculocutaneous
perforators. Excessive traction on the dominant vas-
cular pedicle should be avoided during transposition.

Postoperative errors

The patient should be positioned to avoid pressure
on the flap and venous congestion. Hip extension
should be avoided, because this may put excessive
tension on the flap and its vascular pedicle. Suction
drainage of the donor area is recommended.

RECTUS FEMORIS
Planning errors

The rectus femoris is not an expendable muscle.
Use of this muscle may result in weakness of knee
extension, especially if the other quadriceps muscles
are injured.
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Technical errors

In dissecting the rectus femoris in a distal-to-prox-
imal fashion, the plane between this muscle and the
vastus medialis is not distinct, and the muscles may
be difficult to separate. Proximal dissection must be
under direct vision, because branches of the femoral
nerve course close to the vascular pedicle of the rec-
tus femoris.

Postoperative errors

Suction drainage is required when the donor re-
gion is closed directly.

SARTORIUS
Planning errors

The segmental pattern of blood supply to the sar-
torius limits its effective arc of rotation. Division of
more than two adjacent pedicles may result in mus-
cle devascularization. This flap will not reach the
perineum. Use as a musculocutaneous unit is not
recommended because of the limited arc of rotation
and small skin territory size.

Technical errors.

Correct identification of the sartorius, located be-
tween the TFL laterally and rectus femoris medially
at its origin, is essential.

Postoperative errors

Suction drainage is required in the donor site after
its direct closure.
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A SYSTEMATIC APPROACH
TO FLAP SELECTION

Stephen J. Mathes ® Foad Nahai

SACRUM (Fig. 25-1)

Fig. 25-1 Sacral defect.
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Skin grafts
Skin grafts are method of choice for shallow defects without ex-
posed bone in the patient with sensibility

Local flaps (Fig. 25-2)

1. Gluteus maximus muscle or musculocutaneous flap is flap of choice
(Figs. 25-3 to 25-6)

2. Transverse back flap is alternative flap for sacral sores (Fig. 25-7)

3. Rotational flaps are rarely indicated in reconstruction of sacral pres-
sure sores

Distant flaps

Intercostal flap is alternative flap that will provide sensibility

|

Gluteus maximus
Transverse back flap

Fig. 25-2



428  APPLICATIONS: PRESSURE SORES

Fig. 25-3

A, Sacral pressure sore.

B, Design of proximal skin island on gluteus maximus.

C, Preservation of inferior half gluteus maximus muscle. NOTE: Sacral origin of mus-
cle is preserved.

D, Transposition of musculocutaneous flap provides sacral coverage.
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Sacral pressure sore.
Design of skin island on superior gluteus maximus muscle.
Preservation of inferior half gluteus maximus muscle. NOTE: Detachment of mus-

cle origin increases arc of rotation.
Transposition of musculocutaneous flap provides sacral coverage.
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Fig. 25-5

A, Large sacral pressure sore.

B, Design of skin island on bilateral superior gluteus maximus musculocutaneous
flap.

C, Preservation of inferior halves of gluteus maximus muscle.

D, Transposition of musculocutaneous flap provides coverage.
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Fig. 25-6. Gluteus maximus musculocutaneous flap.

A, Chronic sacral pressure sore in paraplegic patient. Design of left superior gluteus
maximus musculocutaneous flap.

B, Three-month postoperative view demonstrates stable coverage provided by trans-
position of superior gluteus maximus musculocutaneous flap. NOTE: Donor defect
is closed directly. Normal skin is preserved over region of greater trochanter.



Fig. 25-7. Transverse back flap.

A, Chronic sacral pressure sore in paraplegic patient. Design of transverse back flap
based on right lumbar perforating arteries.

B, Immediate postoperative view after transposition of transverse back flap. NOTE:
Skin graft is required for midportion of donor defect.

C, Six-month postoperative view demonstrates stable coverage provided by trans-
verse back flap.
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ISCHIUM (Fig. 25-8)
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Skin grafts

Skin grafts are not indicated in reconstruction of ischial pressure
sores

Local flaps (Fig. 25-9)

Gluteus maximus muscle and skin graft or musculocutaneous flap
is the flap of choice (Figs. 25-10 and 25-11)

Distant flaps (Fig. 25-9)

1. Gracilis musculocutaneous flap is the flap of choice (Fig. 25-12)

2. TFL and gluteal thigh flaps are alternative flaps with potential for
providing sensibility and are useful alternative flaps for coverage
(Fig. 25-13)

3. Hamstring muscles or V-Y advancement musculocutaneous flap is
alternative flap (Fig. 25-14)

4. Posterior thigh advancement flap is rarely indicated in reconstruc-
tion of ischial pressure sores '

Gluteus maximus
Gracilis

Biceps femoris
Semitendinosus
Tensor fascia lata
Gluteal thigh flap

Fig. 25-9
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Fig. 25-10

A, Ischial pressure sore.

B, Design of skin island on inferior gluteus maximus. NOTE: Superior half of muscle
is preserved.

C, Transposition of flap provides ischial coverage.



Fig. 25-11. Gluteus maximus musculocutaneous flap (inferior half of muscle).

, Chronic right ischial pressure sore in paraplegic patient.

Design of skin island over right inferior half of gluteus maximus muscle.
Inferior arc of rotation of right gluteus maximus musculocutaneous flap over is-
chium. B, Inferior gluteus musculocutaneous flap; A, superior gluteus muscle.
NOTE: Origin and insertion remain intact.
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Fig. 25-11, cont’d

D, Immediate postoperative view demonstrates inset of skin island over ischial de-
fect. NOTE: distal gluteus maximus muscle fibers beyond skin island now extend
to posterior midline. Superior half of gluteus maximus is preserved.

E, Six-month postoperative view demonstrates stable coverage of right ischial defect
provided by transposition of right inferior gluteus maximus musculocutaneous
flap. NOTE: Donor defect is closed directly.
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Fig. 25-12. Gracilis musculocutaneous flap.

A, Bilateral chronic ischial pressure sores. Design of right gracilis musculocuta-
neous flap.

B, Gracilis musculocutaneous flap is elevated from posterior approach for transpo-
sition to ischium. NOTE: Proximal skin continuity is maintained.

(From Mathes, S. J., and Alpert, B. S.: Advances in muscle and musculocutaneous flaps, Clin.
Plast. Surg. 7:15, 1980; reproduced with permission.)



Fig. 25-12, cont’'d

C, Demonstration of posterior superior arc of rotation of gluteus maximus musculo-
cutaneous flap.

D, Inset of gracilis musculocutaneous flap over ischial pressure sore. NOTE: Distal
skin is deepithelialized and folded with distal muscle into ischial defect.

E, Six-month postoperative view demonstrates stable wound coverage provided by
gracilis musculocutaneous flap transposition. NOTE: Donor defect is closed di-
rectly.



Fig. 25-13. Gluteal thigh flap.

A, Combined sacral and ischial pressure sore. Design of left gluteal thigh flap.

B, Elevation of island axial flap based on descending branch of inferior gluteal ar-
tery.

C, Posterior superior arc of rotation of gluteal thigh flap. NOTE: Posterior plane of
elevation is deep to posterior thigh fascia, including posterior femoral cutaneous
nerve and descending vascular pedicle from inferior gluteal artery.

D, Inset of gluteal thigh flap. NOTE: Direct closure of donor defect.

(From Hurwitz, D, ]., Swartz, W. M., and Mathes, S. ].: The gluteal thigh flap: a reliable,
sensate flap for closure of buttock and perineal wounds, Plast. Reconstr. Surg. 68[4]:3, 1981.)



A SYSTEMATIC APPROACH TO FLAP SELECTION 441

Fig. 25-13, cont’d

E, Fluorescein injection reveals adequate perfusion of entire flap.

F, Six-month postoperative view demonstrates stable coverage of both ischial and
sacral pressure sores after use of gluteal thigh flap.
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Fig. 25-14. Biceps femoris musculocutaneous flap (V-Y advancement).

A, Large ischial pressure sore.

B, Design of skin island on biceps femoris and semitendinosus muscles.

C, Advancement of musculocutaneous flap into defect after release of origin and
D,

insertion of muscle.
Coverage of ischium provided by musculocutaneous flap advancement. Donor

defect closed directly.
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GREATER TROCHANTER (Fig. 25-15)

Fig. 25-15. Trochanteric defect.
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Skin grafts

Skin grafts are not applicable in reconstruction of greater trochan-
teric pressure sores

Local flaps (Fig. 25-16)

I. TFL is flap of choice with potential for providing sensibility (Fig.
25-18)

2. Rectus femoris musculocutaneous flap is alternative flap

3. Vastus lateralis muscle flap with skin graft is the flap of choice for
reconstruction after hip disarticulation for greater trochanteric pres-
sure sore with septic hip joint (Fig. 25-18)

Distant flaps (Fig. 25-17)
Gluteal thigh flap is alternative flap (Fig. 25-19)

Tensor fascia lata
Vastus lateralis
Rectus femoris

Gluteal thigh flap

Fig. 25-16 Fig. 25-17
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Fig. 25-18. Vastus lateralis muscle TFL and TFL musculocutaneous flaps.

A, Chronic pressure sore over greater trochanter with septic joint.

B, Femoral head ostectomy with excision of infected synovium from acetabulum.
Arrow denotes ostectomy site below greater trochanter of femur.

(From Mathes, S. J., and Alpert, B. S.: Advances in muscle and musculocutaneous flaps, Clin.

Plast. Surg. 7:15, 1980; reproduced with permission.)
Continued.
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Fig. 25-18, cont'd

C, Femoral resection required for treatment of septic hip joint.

D, TFL musculocutaneous flap is elevated for cutaneous coverage of defect (flap a).
Vastus lateralis muscle flap is elevated for coverage of exposed acetabulum (flap
b). NOTE: Old horizontal scar in middle of cutaneous territory of TFL. Arrows

denote prior incision.
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Fig. 25-18, cont’d
E, TFL musculocutaneous flap (a) used for skin coverage after hip disarticulation

for trochanteric pressure sore. NOTE: Vastus lateralis muscle flap placed in ex-

posed acetabulum.
F, Stable wound coverage provided by vastus lateralis muscle and TFL musculocu-

taneous flap for septic hip joint. Donor area closed directly.
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Fig. 25-19. Gluteal thigh flap.

A, Wound breakdown over greater trochanter after hip joint prosthesis insertion in
ambulatory patient. Design of gluteal thigh flap.

B, Inset of gluteal thigh island flap over defect. Donor defect closed directly.

C, Three-month postoperative view demonstrates stable wound coverage provided by
gluteal thigh flap transposition.

(From Hurwitz, D.J., Swartz, W.M., and Mathes, S.J.: The gluteal thigh flap: a reliable, sen-
sate flap for closure of buttock and perineal wounds, Plast. Reconstr. Surg. 68[4]:3, 1981.)
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RECURRENT AND COMBINED GREATER
TROCHANTERIC AND ISCHIAL PRESSURE SORES
Skin grafts

Skin grafts are not applicable in reconstruction of recurrent and
combined pressure sores

Local flaps

1. Anterior thigh flap is flap of choice when hip disarticulation and
amputation of the limb are necessary for resection of the pressure
sore (Fig. 25-20)

2. TFL is flap of choice for coverage of combined greater trochanteric
and ischial pressure sores (Fig. 25-21)
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Fig. 25-20. Anterior thigh flap.

A, Synergistic gangrene of entire posterior thigh extending into retroperitoneum
from infected ischial pressure sore in paraplegic patient.

B, Emergency wound débridement includes right lower extremity amputation with
preservation of anterior thigh muscles and overlying skin.
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Fig. 25-20, cont’d

C, Management in this septic patient included emergency colostomy and multiple
wound débridements, including excision of entire ischium. Anterior thigh flap is
preserved. Arc of rotation of flap is demonstrated.

D, Six-month postoperative view, Stable wound coverage provided by antenor thigh
fap. NoTE: Transverse back flap used for sacral pressure sore,
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Fig. 25-21. For legend see opposite page.
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Fig. 25-21. Reconstruction of combined ischial and trochantric pressure sores with

reinnervated TFL musculocutaneous flap.

A, Recurrent trochanteric and ischial pressure sores in 16-year-old paraplegic girl
with T10 level. NOTE: Scars from previous flaps for pressure sore closure.

B and C, Lateral femoral cutaneous nerve of thigh is sutured to T8 intercostal nerve
with sural nerve interposition graft. a, Site of nerve repair with T8 intercostal
nerve; b, site of nerve repair with lateral femoral cutaneous nerve. Arrows denote
sural nerve graft before placement in tunnel.

D, Several months later territory of TFL demonstrates return of protective sensation.
The TFL musculocutaneous flap is outlined for closure of two defects.

E, TFL flap now provides stable wound coverage with protective sensation over is-
chial and trochanteric pressure sore areas.
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RECONSTRUCTION

T. Roderick Hester m William J. Schneider m H. Louis Hill

The use of muscle flaps for coverage of pressure
sores was suggested by Blackman and co-workers in
1949 with the description of the biceps femoris and
gluteus maximus for coverage of ischial defects. A
second report by Conway and Griffin in 1956 re-
ported a large series using the biceps femoris for cov-
erage of ischial sores. After Conway and Griffin’s re-
port little mention is made of the use of muscle flaps

454

in closure of pressure sores until the concept was re-
introduced by Ger in 1971, who later described the
use of the gluteus maximus, rectus femoris, and sar-
torius in the closure of ischial, sacral, and trochan-
teric sores. Subsequently the muscle and musculo-
cutaneous units have become the standard flap for
coverage of pressure sores.



PRINCIPLES

Certain basic principles should be considered in
the initial assessment of the patient with a pressure
sore.

Preoperative management

SEPSIS: Initial control of sepsis may require use of
preoperative incision, drainage, and débride-
ment. Both topical and systemic antibiotics are
started and continued through the operative pe-
riod.

FLUID RESUSCITATION: Before the operation many
patients will require fluid and electrolyte replace-
ment and blood transfusion.

URINARY TRACT: Evaluation and drainage of the
urinary tract are essential aspects of preoperative
care.

NUTRITION: If present, the catabolic state must
reversed either through the alimentary trac G
if necessary, intravenously.

spasMs: Control of flexor spasms may be adwsable

Operative management

PLANNING: The flap is planned and the operation
performed so that donor defects and incisions are
not placed over potential pressure areas. Alter-
native flaps for future use must be preserved.

EXCISION: Total excision of ulcer bursa and reduc-
tion of bony prominences are required.
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HEMOSTASIS: Complete hemostasis is essential, be-
cause postoperative hematomas can lead to fail-
ure in an otherwise well-designed and executed
procedure. Hematomas predispose to infection,
suture line disruption, and bursa formation be-
neath the flap. Although adequate hemostasis is
key, the use of a closed suction system is rec-
ommended to avoid postoperative seroma.

TENSION: Suture line tension must be avoided.

Postoperative management

POSITIONING: The patient is positioned so that there
is no pressure on the flap or suture line for 2 to
3 weeks. Secondary pressure areas are protected
during the postoperative period.

ANTIBIOTICS: Appropriate antibiotics selected on
the basis of preoperative cultures are continued
for at least 7 days after the operation.

DRAINS: The closed suction system is maintained
for 5 days and then removed when serous drain-
age has stopped.

SUTURES: Sutures are left in place for a minimum
of 21 days.

PATIENT EDUCATION: The patient and the family
are counseled preoperatively and postoperatively
in an attempt to reduce the likelihood of a future
recurrence.
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SACRAL SORES
General considerations

Sacral pressure sores most commonly occur in pa-
tients with cervical spine disease or trauma resulting
in quadriplegia. These sores are less commonly seen
in paraplegic patients. Sacral sores are occasionally a
complication of prolonged illness, particularly in el-
derly patients. Comatose patients of any age group
may develop sacral sores.

Some smaller sacral sores, especially in patients
without permanent neurologic disease, can be closed
with simple transposition flaps or skin grafts; how-
ever, many close spontaneously as the patient recov-
ers from the underlying illness.

Sacral sores associated with neurologic defects are
usually extensive with undermining of the surround-
ing tissues. In this instance surgical management
with large flaps is required. The transverse back flap
and variations of the gluteus maximus muscle or
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Fig. 26-1

musculocutaneous flap are most useful and readily
available.

Transverse back flap

The transverse back flap is an excellent choice in
the primary care of many sacral sores. The flap is
oriented transversely on the back with its base over
the paraspinous muscle. The major blood supply is
via lumbar and intercostal perforators (Fig. 26-1).
This flap can be elevated with safety from the poste-
rior axillary line. The flap is elevated medially toward
the midline. The perforators on the side of flap ele-
vation are divided (Fig. 26-1, B). However, after
crossing the midline great care must be taken to
avoid damage to the lumbar perforators on the oppo-
site side. These vessels are the axial supply to this
flap. The flap can be elevated 2:1 (length-width ra-
tig) without a delay.
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A to C, Anatomy and technique of elevation of transverse back flap.
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Fig. 26-1, cont’d. For legend see opposite page.
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Fig. 26-2. Transverse back flap for sacral defect.
A, Sacral pressure sore.

B, Sore excised and flap outlined.

C, Flap elevated.
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This flap has been used extensively with no flap
loss (Fig. 26-2). It is easily elevated and transposed.
The secondary defect requires skin grafting; how-
ever, the grafted site is not in a potential pressure
area. It is especially useful in the nonparalyzed pa-
tient in that muscle function is not affected.

Fig. 26-2, cont’d

D, Flap transposed and donor defect skin grafted.

E, One-year postoperative view of similar patient. NOTE: TFL flap coverage of left
greater trochanter.
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Gluteus maximus flap

The gluteus maximus muscle and musculocuta-
neous unit is most useful as a flap for coverage of
sacral sores. The anatomy and arc of rotation of this
muscle have been described (Chapter 17). The pri-
mary blood supply (type III) enters the medial aspect
of the muscle, via the superior and inferior gluteal
arteries (Fig. 26-3). This dual blood supply can be
used to design flaps based on either the upper or
lower halves of the muscle.

Transposition of muscle. Depending on the size of
the defect, either the entire muscle or the upper or
lower segment of the muscle can be used as a trans-
position turnover muscle flap and skin grafted (Fig.
26-4).

The gluteus maximus can be rapidly and safely el-
evated through an incision over the muscle. The in-
sertion is divided and the flap dissected from the lat-
eral border to the medial border and turned over the
sacrum. The muscle is then grafted and the donor
defect closed directly. There have been no problems
with skin graft durability when grafted over this thick
muscle belly. In nonparalyzed patients, if this flap is
to be used, an attempt should be made to preserve
either the upper or lower segment of the muscle,
thereby preserving function.

Fig. 26-3. Blood supply of gluteus maximus flap.

Fig. 26-4. Gluteus maximus turnover flap with skin graft.
A, Sacral defect.



Fig. 26-4, cont'd

B, Defect excised, and upper half of gluteus maximus turned into defect.
C, Muscle in defect, and donor site closed directly.

D, One-year postoperative view of skin grafted muscle.
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Transposition of musculocutaneous flap. The glu-
teus maximus can also be used as musculocutaneous
unit. The entire muscle and skin unit is elevated by
dividing the trochanteric attachments. The entire
unit is transposed medially. Occasionally a skin graft
is required for closure of the secondary defect (Fig.
26-5).

Because experience has been gained with the use
of the gluteus maximus muscle, the use of a distal
island musculocutaneous unit has evolved as a
more appropriate method of transferring muscle and
skin into sacral defects. The donor defect can be
closed primarily. The musculocutaneous unit can be

transposed or advanced in a V-Y manner (Fig. 26-6).
Bilateral flaps may be required for larger defects (Fig.
26-7).

Flap design and elevation. This variation of the
gluteus maximus musculocutaneous flap is medially
based and can be designed on either the superior or
inferior gluteal artery. The flap is designed in the fol-
lowing manner. The muscle is transected by lines
drawn from the midsacrum to the greater trochanter.
An ellipse of skin large enough to cover the defect is
drawn over the distal muscle. The ellipse is incised,
allowing exposure of greater trochanter, and the
upper or lower one half of the insertion is divided.

Fig. 26-5. Gluteus maximus musculocutaneous flap transposition for sacral defect.
A, Sacral defect. Area of underlying skin and flap are outlined.
B, Defect excised, and superior gluteal flap outlined.
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Fig. 26-5, cont’'d

C, Flap transposed, and part of donor defect grafted.

D, One-year postoperative view of patient. Skin-grafted donor defect in non-weight-
bearing area.
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Fig. 26-6. Gluteus maximus island musculocutaneous flap for sacral sore.
A, Sacral defect.

B, Skin island based on upper half of gluteus maximus muscle is outlined.
C, One-year postoperative view.



The skin island and muscle are then dissected from
the lateral border to the medial border toward the or-
igin. The pedicle is identified and preserved. The or-
igin is then divided as necessary to increase arc ro-
tation.
Several technical points that are important in the
use of this flap are the following:
1. The skin island should be over the distal muscle
to allow rotation on the relatively short muscular
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pedicle. Division of the origin of the muscle will
facilitate advancement.

. There is usually enough buttock skin to allow

direct closure of the donor defect. The gluteus
maximus island can also be used in a V-Y ad-
vancement technique either unilaterally or bi-
laterally. This technique requires division of the
muscle origin.

Fig. 26-7. Bilateral gluteus maximus island musculocutaneous flaps for extensive sa-
cral defect.

A, Defect before excision.

B, Defect and one flap outlined.
C, Bilateral flaps over sacral defect. Donor areas closed directly.
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Intercostal flaps

An alternative flap for sacral pressure sore cover-
age is the intercostal flap, which is designed as a
neurosensory flap. Dibbell first described the use of
an innervated intercostal island flap for coverage of
sacral sores. The primary advantage of this flap is its
usefulness in transferring innervated tissue to the
sacrum in patients with lower spinal cord lesions. As
originally described by Dibbell, the procedure was
performed in multiple stages. Using a modification of
the intercostal flap described by Daniel, a larger flap
is transferred (Fig. 26-8). With this technique, the
wound is closed with a neurosensory flap.

Flap design and elevation (Stage 1). With the pa-
tient awake, an intercostal block with 1% Xylocaine
is performed in the midaxillary line of the selected
intercostal muscle group. The area of anesthesia is
then mapped out by response to pinprick. Alterna-
tively the intercostal nerves above and below the se-
lected unit can be blocked in the area of skin inner-
vated marked out on the anterior abdominal wall.
Within this area, the appropriate size skin island is
selected and marked out. Anesthesia is induced, and
the incision is carried through the skin and subcuta-
neous tissue to the rectus abdominis muscle, leaving

the lateral border of the skin island intact. The rectus
abdominis muscle is divided transversely down to the
posterior rectus sheath cephalad and caudad, defin-
ing the skin island. In doing this the blood supply to
this segment from the epigastric vessels is divided,
basing the entire blood supply on the intercostals. A
midline incision is made, connecting the two trans-
verse incisions, and the rectus abdominis muscle is
dissected free of its insertion at the linea alba. Using
sharp dissection, the rectus abdominis is elevated
from its posterior sheath. Special care must be used
in dissecting laterally where the transversus abdom-
inis muscle attenuates to the transversalis fascia of
the posterior rectus sheath, for it is here that the in-
tercostal bundle emerges from between the internal
oblique muscle and the transversus abdominis mus-
cle and runs on the deep surface and in the sub-
stance of the rectus abdominis muscle. The sensory
nerve arborizes to supply the overlying skin of that
dermatome via the anterior cutaneous bundles. The
blood vessels communicate with the inferior and su-
perior epigastric vessels. A piece of Silastic sheeting
is placed between the rectus abdominis muscle and
the posterior sheath, and the skin is resutured.

Fig. 26-8. Neurosensory intercostal flap for coverage of sacral defect.

A, Extensive sacral defect.

(Courtesy John Coleman, Atlanta)
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Fig. 26-8, cont’d

B, Neurosensory flap outlined and delayed once on anterior abdominal wall.

C, Stage 1—flap delay. Elevation of rectus abdominis muscle and overlying skin.
NOTE: Clamp points to sensory branch of intercostal nerve coursing between the
internal oblique and transversus abdominis muscles to arborize beneath the rec-

tus abdominis muscle. Continued.
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Stage 2. After 10 days, the second stage of the pro-
cedure is begun. The patient is placed on the table in
an oblique position with the flap side elevated on
rolls. Incision is made directly over the rib overlying
the selected intercostal bundle. The skin incision is
carried forward to the lateral limit of the skin island
and toward the midline of the back to the anterior
border of the paraspinous muscles, dissecting directly
on top of the rib. The periosteal elevator is used to
free the rib subperiosteally. Extreme care must be
taken not to perforate the periosteum on the internal
side of the rib where the intercostal bundles are lo-
cated. Dissection is carried posteriorly, and the latis-
simus dorsi and posterior serratus inferior are divided
as necessary. Using a rib cutter, the rib is detached
near its articulation with the transverse process of
the vertebrae. To ensure viability of the skin island,
the subjacent intercostal bundle may be included in
the flap by dissecting the next rib free in a similar
fashion. The bundle is situated just inside the rib
near the midline of the back and more anteriorly runs
between the innermost intercostal muscle just below
the rib. Anteriorly it courses between the internal
oblique and the transversus abdominis. The bundles
are protected by dissecting the muscles free of the
periosteum and pleura cephalad to the highest rib re-
sected and cephalad to the next rib below the lowest
rib resected.

The previously delayed portion of the flap is now

elevated, and the transversus abdominis muscle is
sharply dissected off the peritoneum. Posteriorly a
small amount of the diaphragm may need to be ex-
cised if the T10 intercostal bundle is used. The an-
terior and posterior portions of the flap are connected
by dividing the external oblique, internal oblique, and
transversus abdominis in continuity with the previ-
ously divided intercostals. Since the bundles, like the
ribs, run in a slightly inferior incline from back to
front, care must be exercised in connecting the two
incisions. The flap is now free to be rotated.

A sizable defect is left by this procedure. The dia-
phragm may be moved slightly cephalad and sutured
to the free margin of the intercostals to close the pos-
terior defect. Air is suctioned from the pleural space
before closure, but no chest tube is necessary if the
lung has not been injured. Anteriorly synthetic mesh
is sutured to the fascia of the internal and external
oblique and the anterior rectus fascia. Laterally based
skin flaps superiorly and inferiorly are rotated to
cover the mesh and are sutured to the midline inci-
sion. Suction drains are used to obliterate the dead
space anteriorly. The patient is now turned prone to
complete the reconstructive portion of the operation.

A skin incision connects the origin of the flap and
the site where it is inset. Undermining on both sides
and loose closure of this incision prevent pressure on
the intercostal bundle.

Fig. 26-8, cont’d

D, Stage 2—flap elevation. Separation of ribs from intercostal muscles and associ-
ated vascular pedicle and sensory nerve by subperiosteal dissection.

E, Stage 2. Intercostal flap is elevated on its neurovascular bundle and surrounding
intercostal muscles with resultant donor site defect. NOTE: Exposed peritoneum
and diaphragm.
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Fig. 26-8, cont’d

F, Stage 2—flap inset. Vascular pedicle has adequate length for flap to reach sacral
region. NOTE: Tunnel beneath back skin allows placement of neurosensory flap
in sacral defect.

G, Donor defect is closed with prolene mesh and local flap advancement.

H, Eighteen-month postoperative view. Flap demonstrates protective sensation.

I, Patient in sitting position demonstrates adequate donor site coverage and abdom-
inal wall reconstruction.
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Distally based latissimus dorsi flap

For high sacral and lower lumbar defects, the
lower part of the latissimus dorsi muscle may be used
based on its secondary segmental blood supply (Fig.
26-9). It should be emphasized that this flap will not
always reach the lower sacral area and thus has lim-
ited usefulness in sacrococcygeal sores (Fig. 26-10).

Summary

The transverse back flap and variations of the glu-
teus maximus muscle flap are dependable and easily
transferred in one stage. The intercostal flap has the
advantage of transferring innervated skin in para-
plegic patients but is a more difficult flap to dissect;
its application is limited to selected patients.

Fig. 26-9. Distally based latissimus dorsi musculocutaneous flap for sacral coverage.
A, Large sacral defect at site of tumor resection and irradiation.

B, Defect excised and skin island isolated on distally based muscle.

C, Latissimus dorsi muscle is turned over and island of skin with underlying muscle

placed in defect.

D, View several months after operation. Small skin graft placed over muscle.



Fig. 26-10. Distally based latissimus dorsi musculocutaneous flap and V-Y advance-
ment gluteus maximus flap for coverage of posterior iliac crest.

A, Large pressure area over left posterior iliac crest.

Distally based latissimus dorsi island flap outlined.

Island of skin isolated and muscle mobilized on secondary segmental pedicles.
Donor defect closed directly, muscle turned over, and island of skin placed over
defect.

Defect closed by latissimus dorsi superiorly and V-Y advancement superior glu-
teus maximus musculocutaneous gluteal flap inferiorly.
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ISCHIAL SORES
General considerations

The ischial sore is the “sitting sore” seen in para-
plegic and quadriplegic patients. With its location
between three major muscle groups (gluteal, ham-
strings, and thigh adductors), a variety of muscle
flaps are available for coverage of this defect.

The hamstrings

The muscles of the hamstring group include the
biceps femoris, semimembranosus, and semitendi-
nosus. The biceps femoris is the most powerful and
laterally located of the three. The biceps femoris
(type I1I) and the semimembranosus (type II) are
supplied by perforating vessels from the profunda fe-
moris. The semimembranosus has a type III pattern
of blood supply with a proximal pedicle from the pro-
funda femoris and secondary pedicle distally from the
superior femoral artery.

Flap design and elevation

Muscle transposition and direct skin closure. The
transposition of one or more of the hamstring group
into an ischial defect is a very simple and easily ac-
complished procedure (Fig. 26-11). This was one of
the first muscle flaps described for closure of pres-
sure sores. An incision is made, extending from the
defect inferiorly. The distal muscle (usually biceps
femoris) is divided from its insertion, and dissection
is carried proximally toward the pedicles from the
profundus femoris. The most distal of these pedicles
can be divided safely to allow for more extensive
transposition. The muscle is sutured into the base of
the defect after partial ischiectomy. The secondary
defect is closed directly. The muscle is grafted or the
skin closed directly over it. If the defect is larger, the
biceps femoris and semitendinosus or semimembra-
nosus can be used (Fig. 26-12).

Fig. 26-11. Closure of ischial pressure sore with biceps femoris muscle transposition

and skin flap.
A, Ischial pressure sore.



RECONSTRUCTION 473

Fig. 26-11, cont’d

B, Biceps femoris muscle flap elevated with preservation of proximal vascular pedi-
cles.

C, Muscle sutured into ischial defect.

D, Donor defect closed directly with advancement of posterior thigh skin over mus-
cle flap.
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Fig. 26-12. Hamstring muscles and skin graft for ischial coverage.

A, Extensive recurrent ischial pressure ulcer.

B, Ulcer excised and hamstring muscles elevated. b, Biceps femoris; s, semitendi-
nosus.

C, Grafted muscles several months after operation.



Musculocutaneous V-Y advancement. The use of
a musculocutaneous island flap based on the entire
hamstring compartment has recently been used in is-
chial sores. A triangular skin island is designed with
the base of the triangle at the inferior margin of the
defect. This triangle includes the cutaneous territory
over the hamstrings. The entire muscle compartment
is mobilized after division of muscle insertion. Distal
muscle pedicles are divided if necessary, and the
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muscle group with the overlying skin triangle is then
advanced proximally into the defect. Muscle origin is
usually released at the time of wound excision (Fig.
26-13). This flap is easily elevated and advanced. Al-
though the flap can be based on the biceps femoris
alone, it is safer to elevate and advance the entire
hamstring compartment. Greater muscle bulk is
transferred to the ischial defect.

Fig. 26-13. Closure of ischial pressure sore with hamstring V-Y advancement island
musculocutaneous flap.
A, Bilateral ischial pressure sores.

Continued.
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Fig. 26-13, cont’d

B, Right ischial defect excised and flap outlined.

C, Flap elevated and muscles divided and isolated on vascular pedicles.

D, Flap advanced over defect.

E, Flap provides stable coverage with donor area closed directly in V-Y fashion.



Gluteus maximus

The gluteus maximus muscle may be transposed
as a musculocutaneous flap for coverage of the is-
chial defect.

The inferior half of the gluteus maximus may be
transposed for ischial defects. A skin island is de-
signed inferiorly over the lateral aspect of muscle
close to its insertion. The inferior muscle is then
transposed with its distal skin island to close the is-
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chial defect. The donor defect can generally be closed
directly.

The use of the inferior gluteus maximus muscle is
preferred, since the superior muscle is left intact.
The superior muscle is preserved for future use as a
transpositional flap. The inferior muscle with the
overlying skin provides stable coverage for the ischial
pressure sore (Fig. 26-14).

Fig. 26-14. Gluteus maximus flap for coverage of ischial defect.

A, Ischial defect.

B, Inferior half of gluteus maximus outlined.

C, Flap provides stable coverage of ischial defect. NOTE: Skin may be designed as
island.



478  APPLICATIONS: PRESSURE SORES

Gracilis

The gracilis musculocutaneous flap may be used
for coverage of the ischial pressure sore. The gracilis
muscle (type II) receives its dominant vascular pedi-
cle from the medial femoral circumflex artery. After
release of its minor pedicles, the muscle has a poste-
rior arc of rotation that reaches the ischium. As a
musculocutaneous unit, this flap provides adequate
coverage for the ischial defect.

The cutaneous territory of the gracilis muscle is
difficult to accurately design with the patient prone.
However, an incision in the medial distal third of the
thigh allows identification of the muscle. At this
level, the gracilis muscle is half tendon and half mus-
cle and is located between the fleshy sartorius mus-
cle anteriorly and the fascial insertion of the semiten-
dinous muscle posteriorly. With identification of the
gracilis muscle distally, traction on the muscle allows
accurate design of its overlying skin island. The skin
is incised proximally and immediately sutured to the
gracilis muscle to aveid disruption of musculocuta-
neous perforators. The distally located minor pedicles
are divided and the muscle elevated until the proxi-
mal thigh is reached. At 10 cm inferior to the pubic
tubercle, the major pedicle, the medial circumflex
femoral artery, enters the muscle. From this posterior
approach, the pedicle is noted between the adductor
magnus and adductor longus muscles. Further prox-
imal flap elevation is not generally required for an
adequate flap arc to reach the ischial defect. The dis-
tal muscle is sutured to the ischiectomy site. The
skin provides adequate coverage of the ischial defect.

The skin is not transposed as an island when the
gracilis musculocutaneous flap is transposed for is-
chial coverage. The donor area is closed directly.
When the cutaneous territory is correctly identified,
the gracilis musculocutaneous unit is a reliable flap
for ischial sore coverage.

Tensor fascia lata

The TFL flap is not the flap of choice for an iso-
lated ischial sore. However, under certain circum-
stances this flap is used to cover the ischial area. It
is the flap of choice for combined ischial and tro-
chanteric sores, when one flap can cover two defects,
and as a neurosensory flap for coverage of the sitting
area. For ischial coverage the distal portion of the
flap, which is only skin, subcutaneous tissue, and

fascia lata, is often too thin for durable coverage. Un-
der these circumstances the inferior gluteus maxi-
mus muscle or the vastus lateralis muscle may be
used under the TFL flap for added bulk.

TROCHANTERIC SORES

The trochanteric sore occurs in both paraplegic
and quadriplegic patients. These sores may occur
when patients are turned side to side in an attempt
to prevent sacral sores. As with all sores, total exci-
sion of the ulcer and reduction of the bony promi-
nence is indicated before transposing tissue for cov-
erage.

The TFL, rectus femoris, vastus lateralis, and glu-
teus maximus muscles all have applications in clo-
sure of this defect.

TFL

The standard TFL flap will cover the trochanteric
area, and the extended flap will cover the trochan-
teric and ischial region. This flap has great potential
as a neurosensory flap based on the lateral femoral
cutaneous nerve of the thigh.

The TFL has a type I pattern of blood supply. The
lateral circumflex femoral artery enters the medial
aspect of the muscle at a point 8 to 10 cm below the
anterior superior iliac spine. Based on this dominant
pedicle, the flap has an arc of rotation posteriorly that
will cover the trochanter and ischium.

Flap elevation. For coverage of the trochanter a
standard flap is elevated. For ischial coverage an ex-
tended flap is required. The anterior marking for the
flap is a line drawn from the anterior superior iliac
spine to the lateral condyle of the knee. The greater
trochanter represents the posterior extent of this flap.
Flap dissection is begun distally. The skin, subcuta-
neous tissues, and underlying fascia lata are incised.
The flap is dissected from the distal border to the
proximal border. This dissection is in an avascular
plane overlying the vastus lateralis. At a level of ap-
proximately 8 to 10 cm below the anterior superior
iliac spine, the pedicle is identified and preserved.
The flap is then transposed into the defect. The flap
may be safely made into an island if desired (Fig.
26-15).
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Fig. 26-15. Extended TFL flap for closure of combined ischial and trochanteric pres-
sure sores.

A, Extensive bilateral ischial and right trochanteric sore.
B, Extended TFL flap outlined.

C, One-year postoperative view of transposed flap.
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Rectus femoris

The rectus femoris unit may be used either as a
muscle or musculocutaneous flap for the trochanteric
pressure sore. This broad muscle is located on the
anterior thigh, extending from its origin on the infe-
rior iliac spine to its insertion to the patella. The mus-
cle receives its blood supply from the lateral femoral
circumflex artery (type I). This unit provides a reli-
able source of coverage for the trochanter.

A vertical incision is made between the rectus fe-
moris and vastus lateralis to gain exposure to the rec-
tus femoris muscle. After release of the muscle inser-
tion, the muscle is elevated from the underlying vas-
tus medialis muscle. The vascular pedicle, lateral
femoral circumflex artery, enters the deep aspect of
the muscle approximately 10 cm inferiorly to the an-

terior superior iliac crest. Exposure of the vascular
pedicle is generally not required to gain adequate flap
length for trochanteric coverage. The muscle is
transposed over the trochanteric defect. The muscle
is skin grafted and the donor defect closed directly.

The rectus femoris may also be transposed as a
musculocutaneous flap. This skin may be designed
either as a simple skin muscle flap or as a skin island
over the distal muscle. Generally the donor defect
can be closed directly (Fig. 26-16).

The rectus femoris muscle is a useful transposition
flap for trochanteric coverage. It is generally reserved
as an alternative flap for this purpose. Transposition
of this muscle in the ambulatory patient will result in
a functional deficit with loss of full leg extension.

Fig. 26-16. Rectus femoris musculocutaneous flap for coverage of trochanter pressure

sores.
A, Right trochanteric pressure sores.
B, Sore excised, and flap outlined.



Fig. 26-16, cont’d

C, Musculocutaneous flap elevated. NOTE: Skin is-
land located over proximal muscle.

D, Flap transposed over trochanter and distal mus-
cle folded over bone for padding.

E, Healed flap with donor defect closed directly.
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Vastus lateralis

The vastus lateralis is a large muscle that has
proved most useful for obliteration of large trochan-
teric defects, especially when excision of the femoral
head is required (Fig. 26-17). It has a type II pattern
of blood supply with the dominant pedicle, a branch
of the lateral circumflex femoral artery, entering the
muscle at a level approximately 8 to 10 cm below the
anterior superior iliac spine.

Flap elevation. After excision of the trochanteric
sore and removal of the head of the femur, the vastus
lateralis is identified through a lateral thigh incision

located between the anterior superior iliac crest and
the lateral condyle of the knee. The flap is dissected
from the distal border to the proximal border and
folded over into the defect. The muscle is then skin
grafted and the donor defect closed directly. Alter-
nately the muscle is advanced up into the defect
rather than used as a transposition flap.

A combination flap of the TFL and vastus lateralis
is useful for coverage of ischial defects; the vastus
lateralis provides the bulk, and the TFL provides the
skin, which has potential for a sensory flap.

Fig. 26-17. Vastus lateralis muscle and skin graft for closure of trochanteric defect.
A, Extensive sacral and right trochanteric pressure sores.
B, Trochanteric sore excised and vastus lateralis elevated.
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Fig. 26-17, cont'd

C, Vastus lateralis transposed into trochanteric defect.

D, Skin graft applied over muscle. Sacral sore closed with bilateral gluteus maximus
island musculocutaneous flaps.

E, Healed skin graft over muscle.
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MULTIPLE BED SORES

Patients are occasionally seen with any combina-
tion of the three classic bed sores. Special mention
should be made of the use of the TFL when ischial
and trochanteric sores occur on the same side. In
this specific situation the trochanterectomy and
débridement of the ulcer reduce the distance to the

ischial defect from the point of rotation of the TFL
flap, and in most cases this single flap will cover both
sores without excess tension on the ischial suture
line.

In patients with massive multiple or confluent
sores, amputation and total thigh flaps may be nec-
essary for coverage (Fig. 26-18).

Fig. 26-18. Coverage of extensive right trochanteric pressure sore with total thigh

flap and left infected hip with vastus lateralis and skin graft.

A, Extensive right trochanteric pressure sore with exposed necrotic femoral head.
Left trochanteric pressure sore with septic hip joint.

B, Infected necrotic right femoral head.

C, Right femur “filleted out” through posterior approach.
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Fig. 26-18, cont'd

D, Left infected femoral head resected.

E, Coverage of right side with total thigh flap.

F, Coverage of left side with vastus lateralis muscle flap and skin graft.
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The total thigh flap

In a few patients with large recurrent pressure
sores (or multiple sores), hip disarticulation and use
of a “thigh” flap may be indicated. The so-called “to-
tal thigh flap” was one of the first “musculocuta-
neous flaps” used. This flap contains multiple rather
than single muscle units with an attended marked
increase in skin perforators overlying the muscles
used. For this reason these flaps are very dependa-
ble. In our experience an anterior and posterior
variation of the thigh flap has been the most useful.

Incision

Anterior

Vastus
lateralis

Vastus
intermedius

Anterior thigh flap (Fig. 26-19). In this flap the
rectus femoris, sartorius, vastus lateralis, vastus me-
dialis, and vastus intermedius are the muscles saved
during the amputation. When using the muscles a
large skin territory (anterior thigh to the knee) can
be used. Care is taken during amputation to not in-
jure muscular branches from the profunda femoris
during removal of the femur. Also great care is taken
to not dissect or avulse needed skin off the underly-
ing muscle. The flap is tailored as needed and rotated
into defect. Large recurrent sacral, ischial, or combi-
nation sores can be easily covered with this flap.

Skin left
Vastus attached
. medialis to muscle

Sartorius

Rectus
femoris

Fig. 26-19. Anatomy and arc of rotation of anterior thigh flap.
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Posterior thigh flap (Fig. 26-20). The posterior used to cover large defects of anterior lower abdomi-
variation of the flap usually includes the hamstrings nal wall that result after hemipelvectomy.
(biceps femoris, semimembranous, and semitendino- Obviously, medial and lateral variations are also
sus), adductor magnus, and gracilis. This group will possible, but anterior and posterior variations are

carry all of the skin of the posterior thigh and can be usually more applicable.
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Fig. 26-20. Anatomy and arc of rotation of posterior thigh flap.
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CONCLUSION

The management of the pressure sore depends on
the sensory status of the involved region. When pres-
sure sore development is related to temporary sensory
loss such as associated with coma, successful wound
management is usually possible with local wound
débridement and skin graft coverage. However, when
sensory loss in the region of the pressure sore is per-
manent as associated with spinal cord damage, man-
agement must consider both immediate wound cov-
erage and the need for future coverage related to
continuing pressure injury.

Unlike the random skin rotation flap, the muscle
or musculocutaneous flap is designed on specific vas-
cular pedicles to muscle. Only the skin required for
sore coverage is transferred based on musculocuta-
neous perforating vessels. The remaining skin is un-
disturbed, providing coverage and a source of future
flaps.

The transposition of muscle with either overlying
skin grafts or muscle with skin (musculocutaneous
units) provides a thick tissue with healthy circula-
tion. The distal skin of the random transposition skin
flap is generally that portion of the flap covering the
critical pressure zone.

There is still much controversy concerning both
the necessity for and extent of resection of the bony
prominence beneath the pressure sore. Obviously,
the infected outer cortex of bone must be resected.
However, major resections as with the ischium may
cause instability of the pelvis and merely shift pres-
sure zones to new areas. With the increased bulk
provided by transposition of muscle and musculocu-
taneous flaps, as compared to random flaps, there is
less need for extensive resection of bone.

Restoration of sensibility remains the key to treat-
ment of the pressure sore. The concept of transfer of
skin with sensibility for pressure sores still unfortu-
nately has limited application. When the level of
spinal cord injury is low, both the intercostal flap and
the innervated TFL flap represent the ideal methods
of treatment. However, efforts to use long sural grafts
between intact sensory nerves to the sensory nerves
of pressure sore regions or to the sensory nerves of
musculocutaneous flaps may have application in the
management of the pressure sore.

Efforts to improve the design of muscle and mus-
culocutaneous flaps for pressure sore coverage have
assisted the reconstructive surgeon. Both flap relia-
bility and the potential for future flaps have been im-
proved. Hopefully, future refinements in the sensory
flap will eliminate the problem of recurrence. Until

then the reconstructive surgeon and the rehabilita-
tion therapist must work together in the prevention
and management of the pressure sore.
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INFERIOR GLUTEAL THIGH FLAP

Robert L. Walton

The inferior gluteal flap is a skin-fascial flap based
on an axial vascular pedicle, a descending branch of
the inferior gluteal artery (Fig. 27-1). This flap ex-
tends beyond the inferior border of the gluteus max-

X . . N Gluteus

imus muscle, incorporating the posterior aspect of maximus

the thigh. It can be transposed with the gluteus max-

imus muscle as an axial extension of this flap or Greater

transferred alone as a skin-fascial flap. The descend- trochanter 1schium

ing branch of the inferior gluteal artery with its venae
comitantes claims the cutaneous territory of the flap.
Intimately associated with the vascular pedicle is the
posterior cutaneous nerve of the thigh that provides
sensibility within the confines of the flap’s bound-

Posterior femoral
cutaneous nerve

aries. Posterior
The advantages of the flap lie in its size, ease of border of Medial femoral
elevation, wide arc of rotation, sensibility, and poten- fascia lata condyle

tial sparing of regional muscle tissue for coverage.
The variable thickness of the subcutaneous tissue in-
corporated in the flap may well be its major disadvan-

tage, particularly when considering coverage over
major pressure points. Also the lack of muscle in the
flap makes it less resistant to infection with increased
chances for wound breakdown, pseudobursa forma-
tion, and slower healing time.
Fig. 27-1. Cutaneous territory of gluteal thigh flap.
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NERVE SUPPLY

The flap receives its innervation via the posterior
femoral cutaneous nerve (Fig. 27-2). This nerve
courses through the infrapiriform foramen with the
inferior gluteal vessels and enters the thigh at the
lower border of the gluteus maximus muscle near a

Gluteus minimus

Piriformis

Gluteus
maximus
divided

Descending branch
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point midway between the ischium and the greater
trochanter. It then extends axially down the posterior
thigh slightly medial to the midline and terminates
into multiple arborizing branches in the region of the
popliteal fossa.

Superior gluteal artery

Inferior gluteal artery

Obturator internus
and
gemelli

Quadratus
femoris

Sciatic nerve

of the inferior gluteal
artery

Posterior
femoral cutaneous
nerve

Fig. 27-2. Anatomy of gluteal region.
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The main body of the nerve lies deep to the femoral
fascia, sending small perforating rami to the overly-
ing skin. Its cutaneous territory is represented by the
S2 dermatome and extends superiorly from a line
joining the ischium and the posterior midpoint of the
greater trochanter, laterally to the posterior border of
the fascia lata, medially from a line joining the is-
chium to the medial femoral condyle, and inferiorly
to the popliteal fossa (Fig. 27-3).

BLOOD SUPPLY

The descending branch of the inferior gluteal ar-
tery and its venae comitantes supply the cutaneous
portion of the flap (Fig. 27-2). It enters the thigh at
the lower border of the gluteus maximus muscle near
a point midway between the ischium and the greater
trochanter. Just before its emergence from beneath

Gluteus
maximus

Greater
trochanter

Posterior
border of fascia lata

the gluteus maximus muscle it sends several deep
branches to the hamstring muscles. It then extends
axially down the thigh below the femoral fascia lat-
eral to the posterior femoral cutaneous nerve. Proxi-
mally, the descending branch of the inferior gluteal
artery is intimately associated with the nerve. Dis-
tally, the artery branches considerably, and this as-
sociation becomes somewhat random.

The cutaneous territory of the artery is essentially
that described for the posterior femoral cutaneous
nerve. The venous drainage of the cutaneous terri-
tory is variable and consists of one or two venae com-
itantes that follow the artery in the subfascial plane.
A superficial venous system arborizes extensively
above the femoral fascia in the subcutaneous tissue.
This system forms multiple anastomoses with sur-
rounding muscle perforators superior, medial, and
lateral to the cutaneous territory.

— Ischium

Posterior femoral

cutaneous nerve

Medial femoral
condyle

\

J

Fig. 27-3. Cutaneous territory of posterior femoral cutaneous nerve.




ARC OF ROTATION

Depending on the demands for coverage, the infe-
rior gluteal thigh flap has two points of rotation. The
first point is located at the lower border of the gluteus
maximus muscle where the vascular pedicle enters
the thigh (Fig. 27-4). This arc allows coverage of tro-
chanteric, ischial, and gluteal defects. A wider arc of
rotation can be achieved by splitting the gluteus
maximus muscle and dissecting the vascular pedicle

Axial
cutaneous flap
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to its origin at the infrapiriform foramen (Fig. 27-5).
This maneuver establishes the second more proximal
point of rotation and allows extension of the flap for
coverage of sacral, perineal, superior gluteal, and lat-
eral hip defects.

Distant coverage can be achieved by free transfer
of the flap and microneurovascular anastomosis. A
potential disadvantage in this regard is the diameter
of the flap vessels, which varies between 1 and 2 mm.

Island modification

Fig. 27-4. Arc of rotation of inferior gluteal thigh flap. First point is the lower border
of gluteus maximus muscle where vascular pedicle enters thigh. NOTE: Cutaneous
flap has shorter arc of rotation compared to an island modification at same level of

rotation.
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Proximal border
i\ of island modifications

Infrapiriform
foramen

Fig. 27-5. Arc of rotation of inferior gluteal thigh flap. Second point of rotation is the
infrapiriform foramen. By splitting gluteus maximus muscle and dissecting pedicle
to its source, additional 8 to 12 cm increase in arc of flap is expected. This maneuver
is helpful in coverage of sacral, lateral hip, and groin defects. Proximal border of
island modification should not extend beyond midpoint of posterior thigh.



ELEVATION OF THE FLAP

The key to successful utilization of the inferior glu-
teal thigh flap lies in careful design regarding the de-
mands for coverage. For ischial defects one may
choose a simple axial transposition flap. In other sit-
uations an island pedicle flap may be advantageous.
The size of the flap can be varied considerably. For
trochanteric defects a longer flap is necessary. Ori-
ented over the inferior gluteal vessels, the flap can be
designed anywhere within its vascular territory, as
previously outlined. Island pedicle flaps should not
extend beyond the midpoint of the thigh because of
the variability and branching of the axial vascular
system beyond this point. For distant defects the

Greater
trochanter
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range of coverage can be extended by dissecting the
vascular pedicle to its origin at the infrapiriform
foramen. This maneuver will extend the reach of the
flap by 8 to 12 cm.

Elevation of the flap begins by first identifying the
axial extension of the inferior gluteal artery. This is
usually found near the midpoint of a line connecting
the ischium with the greater trochanter (Fig. 27-6).
Doppler assessment is oftentimes very helpful in pre-
cisely marking the course of the vascular pedicle. It
is particularly important to confirm the patency of the
inferior gluteal system if the patient has previously
undergone gluteal flap surgery. In rare situations ar-
teriography may be indicated.

Infrapiriform foramen

Ischium

Descending branch
of the inferior
gluteal artery

Fig. 27-6. Landmarks used to identify vascular supply of inferior gluteal thigh flap.
Pedicle enters thigh near midpoint of a line, connecting ischium with greater tro-

chanter.
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After the appropriate design is chosen and ori-
ented, an incision is made at the distal border of the
flap (Fig. 27-7). The dissection is extended down
through the femoral fascia. It is important to identify
the posterior femoral cutaneous nerve, because this
will define the level of dissection for flap elevation.
Just lateral to the nerve is the axial vascular system.
Blunt dissection will easily separate the flap from the
underlying muscular bed. Laterally the fascia lata is
confluent with the femoral fascia and must be di-

Fig. 27-7

vided sharply. Superiorly above this, one will encoun-
ter large vascular anastomoses between the inferior
gluteal and femoral systems. These can be divided
without compromising the flap’s vascularity. At the
inferior border of the gluteus maximus muscle the
vascular pedicle can be easily identified beneath the
flap. Care must be exercised to prevent damage to
the pedicle at this point. The flap is then transposed
to the appropriate recipient site. Back cuts can be
made to facilitate transposition and insetting.

A, Twenty-four-year-old paraplegic woman with large ischial pressure sore.
B, Flap has been elevated and dissection is extended to inferior border of gluteus

maximus muscle.

mm oo

~

flap.

Elevation of flap. Arrow points to deep branch of inferior gluteal artery.

Closer view of underside of flap. Clamp marks posterior femoral cutaneous nerve.
Flap is transposed into ischial defect.

Flap is inset, and donor site is closed primarily. NOTE: Cone of rotation at base of
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Fig. 27-7, cont’d. For legend see opposite page.
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If an island pedicle flap is chosen, the initial dis-
section is carried out, as just described (Fig. 27-8).
At the desired level, the neurovascular pedicle is iso-
lated and dissected proximally. Medial and lateral
tributaries are individually isolated and divided.

The proximal border of the skin island is then in-
cised and carried down through the femoral fascia.
Several venous tributaries will be encountered in this
dissection, and these should be ligated. At the level
of the inferior border of the gluteus maximus muscle,
the pedicle will give off several large branches. These
branches are divided after precise visualization of the
main vascular trunk. Gentle separation of the inferior

Fig. 27-8 B

A, Fifty-three-year-old ambulatory man with recurrent breakdown over right tro-
chanteric region. Island pedicle modification of inferior gluteal thigh flap was
planned with dissection to infrapiriform foramen.

B, Dissection starts with incision at inferior margin of flap. Clamp lies beneath pos-
terior femoral cutaneous nerve. Dissection is performed deep to level of this

nerve.

0

gluteal pedicle from beneath the gluteus maximus
muscle will allow the dissection to proceed to the or-
igin of the pedicle. Numerous muscular branches
will be encountered here, requiring some attentive
care in the dissection. The island is then transferred
to the recipient site. Frequently the overlying gluteus
maximus muscle is divided to accommodate the me-
chanics of this transfer. Caution should be exercised
to avoid kinking of the vascular pedicle.

The flap donor site can oftentimes be closed pri-
marily. If the width of the flap exceeds 10 cm, how-
ever, primary closure may be tenuous. In this situa-
tion a split-thickness skin graft is often necessary.

Cutaneous island is elevated after dissection to source of its vascular pedicle.

D, Neurovascular pedicle in this patient measured approximately 14 cm.
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Fig. 27-8, cont'd

E, Transposition of island flap into wound defect.

¥, Flap has been inset into trochanteric defect with primary closure of gluteal skin.
Donor defect was covered with split-thickness skin graft.

G, One-month postoperative view. Wounds are well healed. Two-point discrimina-

tion in flap measured 3 to 4 cm. Patient could distinguish pinprick, light touch,
and temperature variations.
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The size of the flap should be designed to satisfy
the needs for coverage. In most cases the point of
rotation will be centered at the gluteal crease midway
between the ischium and the greater trochanter. If
one chooses to transpose the flap with an intact cu-
taneous pedicle, approximately one third of the
planned length will be absorbed by the cone of rota-
tion (Fig. 27-9). This fact must be considered to
avoid inadequacies of reach. Also some patients may
object to the “dog ear” deformity that inevitably re-
sults from this design.

Island modifications of this flap are inherently ca-
pable of further reach because of the absence of a
cutaneous cone of rotation. However, the dissection
is technically more difficult and carries a higher risk
of injury to the vascular pedicle. In planning cover-
age of sacral and lateral hip defects, the arc of rota-
tion can be extended approximately 10 cm by dis-
secting the pedicle to the infrapiriform foramen. This
obviously requires an island modification of the flap
as well as division of the inferior portion of the glu-
teus maximus muscle. Theoretically one might con-
sider a “pull through” maneuver (i.e., bringing the
island flap with its pedicle between the superior and
inferior divisions of the gluteus maximus muscle).
This may be of advantage in the ambulatory patient.

In all instances the flap should be centered over
the course of the descending branch of the inferior
gluteal artery. Failure to do so may result in injury to
the vascular pedicle, or worse, necrosis of the flap. In
island pedicle modifications of this flap, the proximal
border should not be placed distal to the midlevel of
the thigh because of variable vascular branching be-
yond this point.

Cone of rotation

The thickness of the inferior gluteal thigh flap is
variable from patient to patient. For the most part,
females tend to have thicker subcutaneous tissues in
their posterior thigh regions. Extremes of flap thick-
ness range from 2 to 12 mm. The distal portion of
the flap is generally thinner than its proximal aspect.
Flap thickness is grossly estimated by pinching the
skin within the cutaneous territory. Thick, bulky
flaps are cumbersome and difficult to transpose and
must be designed somewhat larger to satisfy the de-
mands for reach and coverage. A thick flap, however,
may be advantageous, particularly when planning
coverage over pressure areas. Conversely, this situa-
tion may well be the potential pitfall of a thin flap.

Operative management

It is important to identify the posterior femoral cu-
taneous nerve early in the dissection. Failure to do
this may result in elevation of the flap in a plane su-
perficial to its vascular pedicle.

Proximally, accurate identification of the main ar-
terial trunk is essential when dissecting to the origin
of the pedicle. Numerous branches are encountered
at the inferior border of the gluteus maximus muscle.
These should be meticulously isolated and ligated to
avoid injury to the pedicle. Small muscle perforators
will be encountered beneath the gluteus maximus
muscle. These branches are very fragile and difficult
to identify, because they embark from the fatty
sheath of the pedicle. The use of fine vascular clips
is often helpful at this level of the dissection.

The sciatic nerve lies just lateral to the origin of
the pedicle and receives one or two large branches

Fig. 27-9. Transposition of inferior gluteal thigh flap with intact cutaneous pedicle.
This cone of rotation will absorb up to one third of flap’s length.



from its proximal aspect. These branches should be
preserved in the ambulatory patient. Care should also
be exercised to avoid direct injury to the sciatic nerve
at this level.

If the fatty stalk of the pedicle has not been vio-
lated, the integrity of the posterior femoral cutaneous
nerve will be sound. Numerous nerve fascicles
course through the fatty root of the pedicle and con-
verge just proximal to the inferior border of the glu-
teus maximus muscle to form the main body of the
nerve. This anatomic variance should be considered
when planning free flap transfers for restoration of
sensibility.

When transposing island pedicle modifications of
the inferior gluteal thigh flap, one must avoid twist-
ing, kinking, or traction of the neurovascular pedicle.
This is especially important when the rotation ex-
ceeds 90°. Failure to appreciate this may result in
flap necrosis, severe dysesthesia, or hyperalgesia
(sensibility problems in the flap).

In the ambulatory patient there will be variable
areas of numbness in the posterior thigh region as a
result of the flap elevation. This is not a major con-
cern for most patients and poses no functional prob-
lem. It is important, however, to inform the patient of
this sensory deficit before operation.

Postoperative management

Routine nursing care is generally all that is re-
quired in the postoperative period. A certain amount
of swelling in the inferior gluteal thigh flap is to be
expected. This is particularly true for island pedicle
modifications, because the lymphatic effluent is dis-
rupted. Early venous congestion may also be encoun-
tered in the island flap. This usually improves over
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the course of 24 to 48 hours and is the result of ve-
nous spasm. If the flap becomes extremely tense,
pale, or mottled, consideration should be given for
reexploration to assess possible mechanical injury to
the vascular pedicle.

Cellulitis of the flap is an infrequent complication
that may appear within the first 48 hours after trans-
position. As with any cutaneous flap, the ability to
handle bacterial inoculation is somewhat inferior to
its muscular counterpart. For this reason prophylac-
tic antibiotics are administered when the flap is
transposed into a contaminated wound. Once infec-
tion has been established, appropriate antibiotic ther-
apy is indicated. Flap necrosis is a rare complication
of infection, providing these criteria are closely fol-
lowed.

In the early postoperative period, direct pressure on
the flap or its pedicle is to be avoided. Patients are
allowed to ambulate after the first postoperative
week. Weight bearing commences on the second
week.

The inferior gluteal thigh flap is remarkably versa-
tile and represents a major alternative to the muscie
flap for coverage of sacral, ischial, perineal, trochan-
teric, and groin defects. If properly designed and ex-
ecuted the success rate is very high. In our initial
series of 14 such flaps, there were no instances of
flap necrosis. As our experience with the inferior glu-
teal thigh flap increases, indications for its use will
become more apparent. As illustrated in Fig. 27-10,
each patient represents a new and different chal-
lenge, the solution of which is met by a fundamental
appreciation of basics tempered only by the imagina-
tion.

Fig. 27-10

A, Twenty-four-year-old quadriplegic pa-
tient had necrotizing infection of supra-
pubic region, extending to both hip
joints. Wide débridement included ex-
tensive resection of adductor and quadri-
ceps muscle groups with disarticulation
of proximal one third of each femur. Re-
sulting wound exposed both superficial
femoral systems laterally and communi-
cated with counterincisions over trochan-
teric regions. Continued.
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Fig. 27-10, cont’d

B, Bilateral inferior gluteal thigh flaps were designed, encompassing entire posterior
aspects of both thighs. Each side was performed as staged procedures 1 week
apart.

C, Lateral view of right thigh revealing trochanteric wound. Defect communicated
with anterior groin wound.

D, Each flap was dissected to inferior border of gluteus maximus.
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Fig. 27-10, cont'd

E, Flap was then “deepithelialized” in its midportion for transfer through thigh. Dis-
tal cutaneous paddle of skin was employed to provide anterior groin coverage.

F, Flap has been transposed into thigh wound. Flap enters thigh through trochan-
teric defect.

G, Anterior projection of flap is represented by distal skin paddle. This portion of the
flap provided coverage of exposed femoral vessels in groin. Continued.
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Fig. 27-10, cont'd

H, Inferior gluteal thigh flap was used to close both hip wounds (6-week postopera-
tive lateral view of wound). Split-thickness skin grafts were used to close supra-
pubic region.

I, Distal flaps provide stable coverage of groin wounds.



Fig. 27-10, cont'd
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J, Posterior view reveals primary healing of both thigh wounds.

ANNOTATED BIBLIOGRAPHY

1. Hurwitz, D.J.: Closure of a large defect of the pelvic
cavity by an extended compound flap based on the in-
ferior gluteal artery, Br. J. Plast. Surg. 33:256, 1980.

The initial description of the vascular anatomy of the
gluteal thigh flap and its application for reconstruc-
tion of a significant pelvic defect are presented.

2. Hurwitz, D.J., Schwartz, W.M., and Mathes, S.].: A re-

liable sensate flap for the closure of buttock and peri-
neal wounds, Plast. Reconstr. Surg. 68:40, 1981.

The vascular anatomy, arc of rotation, and sensory
territory via the posterior femoral cutaneous nerve for
this skin fascial flap is established. Case reports dem-
onstrate the use of this flap for ischial, trochanteric,
and pelvic defect coverage. The addition of a new neu-
rosensory flap is a welcome addition to the flaps avail-
able for coverage of these areas.
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The treatment of pelvic pressure sores is greatly
facilitated by use of axial, muscle, and musculocuta-
neous flaps. Despite expert assistance in rehabilita-
tion, control of spasticity, and pressure distribution
devices, recurrence is common unless sensation is
restored to pressure zones. Unfortunately, sensory
restoration is rarely feasible. Therefore flap choice
and design must consider both coverage of the defect
and future recurrent problems. A flap may success-
fully cover a defect but may create future complica-
tions because of loss of adjacent potential flaps.

SACRUM

Bony resection for the sacral pressure sore should
be limited to infected bone. It is rarely necessary to
resect beyond the outer cortex of this bone. Aggres-
sive bone resection may result in injury to the under-
lying sacral venous plexus with resultant excessive
bleeding and to the rectum with subsequent infec-
tion and fecal fistulae.

Gluteus maximus

Planning errors. Although either half of the glu-
teus maximus muscle will reach the sacrum, the in-
ferior half of the gluteus maximus muscle is best pre-
served for future use in ischial coverage. The design
of the skin island should not exceed the dimensions
whereby direct donor site closure is not possible. Skin
grafting of the donor defect is difficult because of the
depth of the wound. Use of bilateral superior gluteal

506

musculocutaneous flaps is preferable when the sacral
defect is too large for a single musculocutaneous flap.

Technical errors. Identification of the superior bor-
der of the gluteus maximus muscle is difficult be-
cause of the thick lumbosacral fascia. Inadvertent in-
cision into the muscle belly is possible, since the
muscle is thick and often infiltrated with excessive
fibrofatty tissue in the paralyzed patient. Identifica-
tion of the piriformis muscle beneath the gluteus
maximus muscle indicates the level of muscle split-
ting to stay between the superior and inferior gluteal
vascular pedicles. Elevation of the superior border of
the gluteal muscle and incision of the superior mus-
cle fibers close to its insertion allow safe identifica-
tion of the underlying piriformis muscle, vascular
pedicles, and sciatic nerve.

Postoperative errors. Closed suction drainage of
the donor site is recommended.

Transverse back flap

Planning errors. The transverse back flap is based
on lumbar perforating vessels on one side and should
not extend in length beyond the posterior superior
iliac crest on the opposite side.

Technical errors. The transverse back flap should
not be elevated beyond the midportion of the para-
spinous muscle on the side of the flap base.

Postoperative errors. The patient is positioned
prone postoperatively to avoid pressure on the flap
base. Suction drainage is recommended.



ISCHIUM

Bony resection for ischial pressure sores should be
limited to infected bone. Partial ischiectomy generally
provides adequate débridement. Total ischiectomy
shifts the pressure to the opposite ischium and may
be associated with later development of periurethral
diverticulae.

TFL

Planning errors. For ischial coverage the extended
portion of the TFL flap is used. The distal flap is thin
(fascia and skin only) and may be unreliable, espe-
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cially if flap length extends closer than 5 to 8 cm to
the knee (Fig. 28-1). Early recurrence may be a
problem, because the flap is thin or sutured under
tension. In obese patients the TFL is bulky proxi-
mally, resulting in inadequate arc of rotation to reach
the ischium.

Some paraplegic patients with levels of injury be-
low L3 have intact lateral femoral cutaneous nerves.
The sensory innervated TFL is useful in these pa-
tients despite the fact that sensibility in the distal
portion of the flap covering the ischium is not as
marked as it is in the proximal portion.

Fig. 28-1

A, Pressure sores located over trochanter and
posterior iliac crest.

B, Extended TFL transposed for coverage of
both defects.

C, Loss of distal 5 cm of flap may occur in
extended TFL musculocutaneous flap.
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Technical errors. An extended TFL will be re-
quired to reach the ischium. During flap elevation, if
large perforating vessels are encountered between
the vastus lateralis and the TFL, this indicates com-
promise of the TFL muscle. Under these circum-
stances the circulation of the extended portion of the
flap may be more dependent on vascular communi-
cators with the vastus lateralis muscle than on the
TFL muscle. It is therefore advisable to elevate the
vastus lateralis muscle with the overlying TFL. This
will ensure survival of the overlying skin and provide
the extra padding of the vastus lateralis muscle.

Tunneling of the flap to the ischium should be
avoided. Intervening skin bridges should be incised
or excised to avoid flap compression and flap compro-
mise. Firm drainage catheters may cause vascular
compromise if placed perpendicular to the vascular
pedicle beneath the flap.

Postoperative errors. Pressure over the flap on the
donor area is avoided. Suction drains are recom-
mended.

Hamstrings

Planning errors. The hamstring muscles have
multiple vascular pedicles (type I1) that must be con-
sidered in flap design. Although this pattern of cir-
culation limits safe transposition, division of origin
and insertion allows advancement of this muscle
group and its skin territory over the ischial area. Use
of the hamstring muscles in the ambulatory patient
results in loss of knee flexion.

Technical errors. In elevating the hamstring mus-
cles, the most proximal and distal vascular pedicles
may be divided for greater flap advancement. Ten-
sion should be avoided during flap advancement. The
sciatic nerve courses between these muscles and
should be identified and preserved during flap eleva-
tion.

Postoperative errors. The patient must be posi-
tioned prone or on the opposite side postoperatively.
Closed suction drainage is required.

Gracilis

Planning errors. Incorrect orientation of the skin
territory is the most common problem in designing a
gracilis musculocutaneous flap. For ischial coverage
the proximal skin continuity is maintained rather
than a skin island created. With the patient posi-
tioned prone, the distal muscle is first identified be-
fore the skin territory is incised. This ensures correct
orientation of the skin territory over the muscle.

Technical errors. The musculocutanecus portion
of the gracilis is identified through an incision above
the knee. This portion of the gracilis lies between the
fleshy sartorius anteriorly and the fascial portion of
the semimembranosus posteriorly. With traction on
the gracilis tendon the correct skin territory is out-
lined. During flap elevation and transposition, the
skin is temporarily sutured to the underlying muscle
to avoid shearing of the musculocutaneous vessels.
Excessive traction on the dominant vascular pedicle
should be avoided during transposition.

Postoperative errors. The patient should be posi-
tioned prone. Suction drainage is required.

GREATER TROCHANTER

Trochanteric sores may extend into the hip joint.
Débridement may include the greater trochanter or
the entire joint. Preoperative assessment of the joint
is necessary so that the reconstruction can be
planned.

TFL

Planning errors. Previous incisions in the skin ter-
ritory of the flap do not preclude the use of the flap.
The posterior border of the flap is usually involved in
the sore or the débridement. It is essential to design
a flap of adequate length, because the point of rota-
tion is at the level of the trochanter (Fig. 28-2).

Technical errors. The gluteus minimus is firmly
adhered to the TFL posteriorly. The point of rotation
of the flap is approximately 8 to 10 cm below the an-
terior superior iliac spine or at the level of the tro-
chanter.

The lateral femoral cutaneous nerve is located
along the medial border of the flap and should be
identified as an initial step in flap elevation if a sen-
sory flap is planned.

Postoperative errors. Suction drainage is recom-
mended. The patient should be positioned on the op-
posite or prone.

Gluteal thigh flap

Planning errors. The lateral border of the gluteal
thigh flap is usually involved in the sore or the
débridement. If the wound extends to the posterior
thigh, or a previous incision is located in the gluteal
crease, the vascular pedicle may have been injured
or divided. It is essential to design a flap of adequate
length, because the point of rotation is at the level of
the trochanter.



Technical errors. The dissection for this flap ele-
vation includes the descending branch of the inferior
gluteal artery and the posterior femoral cutaneous
nerve. The sciatic nerve is identified deep to the flap
and is preserved.

Postoperative errors. The patient must be posi-
tioned prone or on the opposite side postoperatively.
Closed suction drainage is necessary.

Vastus lateralis

Planning errors. The skin overlying the vastus
lateralis is supplied primarily by the TFL, and there-
fore the vastus lateralis is not usually elevated as a
cutaneous flap without the TFL. This flap is usually

Fig. 28-2

A, Design of TFL for coverage of trochanteric defect. Flap does not extend adequate
distance beyond point of rotation at site of vascular pedicle.

B, Inadequate length in musculocutaneous flap design may result in division of vas-
cular pedicle for flap to reach defect.

C, Greater flap length results in less tension at site of flap closure.
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used for coverage of the acetabulum after hip disar-
ticulation and femoral head resection. Skin grafting
of the muscle is necessary.

Technical errors. The vastus lateralis should be el-
evated through a skin incision that does not violate
the territory of the TFL. An incision between the rec-
tus femoris and TFL skin territories is recommended.
The separation of the vastus lateralis from the other
quadriceps distally is difficult. Failure to cover the
donor area with adjacent muscles will leave the fe-
mur exposed.

Postoperative errors. Closed suction drainage is
necessary.
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A SYSTEMATIC APPROACH
TO FLAP SELECTION

Stephen J. Mathes ® Foad Nahai

THIGH (Figs. 29-1 and 29-2)




A SYSTEMATIC APPROACH TO FLAP SELECTION

Skin grafts

Skin grafts are method of choice provided no bone or vital struc-
tures are exposed

Local flaps (Fig. 29-3)

1. TFL musculocutaneous flap is flap of choice for posterior defects

9. Sartorius muscle flap is flap of choice for small defects superiorly
and inferiorly

3. Vastus lateralis and medialis are useful for coverage of defects of
middle and lower thigh

4. Distally based gracilis is alternative flap for small defects of the
lower thigh

Distant flaps

1. Distant flaps are rarely indicated in reconstruction of the thigh
2. Muscle transplantation is method of choice for osteomyelitis with
loss of adjacent local muscle flaps (Fig. 29-4)

Tensor fascia lata
Vaslus lateralis
Rectus femoris
Vastus medialis
Sartorius

Gracilis
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A
B
Fig. 29-4. Free flap coverage of infected right femur.
A, Twenty-six-year-old man with open fracture of
right femur.
B, Fractures stabilized and soft tissues skin grafted.
Chronic osteomyelitis with draining sinus per-
& sists. Multiple local flaps had failed.

C and D, Latissimus dorsi free flap elevated. Flap
sutured into descending branch of lateral circum-
flex femoral artery.

E, Final result. Osteomyelitis resolved and stable
skin coverage.
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AN A

Fig. 29-4, cont’d. For legend see opposite page.
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KNEE (Fig. 29-5)
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Skin grafts

Skin grafts are method of choice for immediate coverage provided
joint capsule is intact

Local flaps (Fig. 29-6)

1. Gastrocnemius muscle or musculocutaneous flap is flap of choice
for coverage of the knee (Fig. 29-7)

2. Distally based gracilis flap
a. Alternative flap
b. Requires a strategic delay

3. Sartorius is alternative flap for small defects

Distant flaps (Fig. 29-6)

1. Free tissue transplantation is method of choice for extensive defects
2. Choice of free flap
a. Latissimus dorsi for large defects
b. Gracilis for small defects
3. Random cross-leg flap is alternative flap to free tissue transplanta-
tion
4. Musculocutaneous cross-leg flap is rarely indicated in reconstruc-
tion of the knee

Sartorius
Gracilis
Gastrocnemius

Fig. 29-6
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Fig. 29-7. Gastrocnemius musculocutaneous flap. Débridement of infected bony cav-
ity and coverage of knee with lateral gastrocnemius musculocutaneous flap.

A, Soft tissue defect above knee as result of shotgun wound.

B, Radiograph showing bony defect in distal femur.

C, Closeup view of bony cavity.

D, Lateral gastrocnemius musculocutaneous flap outlined.
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Fig. 29-7, cont’d

E, Flap elevated. NOTE: Arrows point to peroneal nerve.

Half of skin island separated from underlying muscle.

Muscle placed into bony defect after débridement, and skin island placed over

defect.
Postoperative result. Flap provides stable wound coverage.

F,
G,
H,
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LOWER LEG
Upper third (Fig. 29-8)

Fig. 29-8
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Skin grafts

Skin grafts are applicable only if periosteum over bone is intact

Local flaps (Figs. 29-9 and 29-10)

1. Gastrocnemius muscle flap and skin graft are method of choice for
coverage of exposed bone or fracture line
2. Soleus muscle will reach defect with extensive mobilization

Distant flaps

1. Free tissue transplantation is alternative technique for coverage,
method of choice for extensive defects

2. Choice of free flap
a. Gracilis (small defects)
b. Latissimus dorsi (extensive defects)

3. Random cross-leg flap is alternative technique to free tissue trans-
plantation
a. Local flaps not available
b. Method of choice if free tissue transplantation not possible

4. Musculocutaneous cross-leg flap is rarely indicated

Medial gastrocnemius
Lateral gastrocnemius

Medial gastrocnemius
Soleus

Fig. 29-9 Fig. 29-10
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Middle third (Fig. 29-11)
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Skin grafts

Skin grafts are applicable only if periosteum over bone is intact
Local flaps (Fig. 29-12)

1. Soleus muscle flap with skin graft is method of choice (Fig. 29-13)

2. Gastrocnemius musculocutaneous or skin-fascial flap is alternative
flap

3. Flexor digitorum longus muscle flap is an adjunct to the soleus to
cover a larger defect

4. Tibialis anterior muscle with skin graft is alternative flap for small
lateral defects

Distant flaps
See upper third

Gastrocnemius
Soleus

Fig. 29-12
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Fig. 29-13. Soleus muscle flap with skin graft.

A, Open fracture of middle third of tibia with soft tissue loss and exposed bone.
B, Wound debrided.

C, Soleus flap exposed. NOTE: Distal minor pedicles (arrows).
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Fig. 29-13, cont’d

D, Soleus flap elevated.

E, Soleus flap transposed and skin grafted.

F, Stable wound coverage provided by muscle flap with skin grafts.
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Lower third (Fig. 29-14)

Fig. 29-14
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Skin grafts

Skin grafts are applicable only if periosteum and paratenon are in-
tact (Fig. 29-17)

Local flaps (Fig. 29-16)

1. Soleus muscle with skin graft is alternative flap for small defects

2. Peroneus brevis muscle with skin graft is alternative flap for small
lateral defects

3. Soleus, extensor digitorum longus, and extensor hallucis longus are
distally based muscle flaps and are alternative flaps for coverage
when the defect is small, minor vascular pedicles are intact, and
free tissue transplantation is not possible

Distant flaps (Fig. 29-15)
1. Free tissue transplantation is method of choice for large defects
2. Choice of free flap

a. Gracilis (small shallow defect)

b. Latissimus (larger defects) (Fig. 29-18)

c. TFL (innervated) (Fig. 29-19)

d. Deep groin flap (bone)
3. Random cross-leg flap (see upper third)
4. Musculocutaneous cross-leg flap (see upper third)

Tensor fascia lala Lalissimus dorsi

Soleus

Extensor digitorum
longus

Tibialis antenor

Fig. 29-15 Fig. 29-16
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Fig. 29-17. Skin grafts.

A, Chronic venous ulceration secondary to Jower extremity venous insufficiency.

B, Resection requires excision of all abnormal fibrotic skin, preserving underlyving
muscle and periosteum.

C, Defect after resection of skin with abnormal lymphatics and incompetent perfo-
rating veins.
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Fig. 29-17, cont’d

D, Six-month postoperative view demonstrates stable wound coverage at site of for-
mer venous ulcerations with use of split-thickness skin grafts.

E, Contour form and function preserved with use of skin grafts for lower leg defect.
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Fig. 29-18. Latissimus dorsi free flap.

A, Open wound and osteomyelitis of right distal tibia. Multiple previous local pro-
cedures had failed.

B, Radiograph showing defect in tibia.

C, Defect after débridement.
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Fig. 29-18, cont’d

D, Transplanted latissimus dorsi muscle covered with skin grafts.

E, Eighteen-month postoperative anterior view demonstrates adequate contour. No
recurrence of osteomyelitis.
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Fig. 29-19. Reconstruction of heel with neurosensory TFL musculocutaneous free

fap.

A, Unstable wound of lower leg and heel in 18-year-old man after severe elecurical
burn injury. Previous skin grafts and local flaps have failed.

B, Wound resected.
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Fig. 29-19, cont’d

C, Neurosensory TFL flap elevated. Arrow denotes location of lateral femoral cuta-
Nneous nerve.

D, Vascular pedicle (p) and sensory nerve to flap (n ).

E, Final result. Coverage of lower leg and heel with neurosensory flap providing
protective sensibility.
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RECONSTRUCTION

Stephen J. Mathes ® Luis O. Vasconez

A broad spectrum of methods is now available for
lower extremity reconstruction. Over the past 10
years the reliability of the muscle and the musculo-
cutaneous transposition flap has been well estab-
lished. Furthermore with recent advances in micro-
surgical techniques, the more complex distant flap is
now readily transplanted from varied distant body re-
gions to the lower extremity for coverage. Therefore
this spectrum of reconstructive methods now ranges
from the simple skin graft to the more complex dis-
tant flap, whether transferred from the opposite leg
in staged procedures or immediately transplanted as
a free flap. The role of the muscle flap is placed in
perspective within this spectrum of reconstructive
methods.

EVALUATION OF RECONSTRUCTIVE
REQUIREMENTS

Selection of a particular method for lower extrem-
ity reconstruction is based on the method’s ability
to best achieve the immediate requirements of cov-
erage and to provide the long-term requirements of
form and function. The process of method selection
requires an analysis of defect etiology, location,
and specific characteristics of each reconstructive
method.

Etiology

Systemic disease. Coverage problems in the lower
extremity have diverse causes stemming from both
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systemic and local problems. Systemic problems are
likely to recur regardless of the method of coverage
unless the systemic disease is simultaneously cor-
rected. Certain systemic diseases associated with
lower extremity ulceration require chronic medica-
tion and are associated with frequent recurrences of
local ulceration. Examples of systemic diseases asso-
ciated with such lower extremity ulceration include
diabetes mellitus, lupus, and scleroderma. Impair-
ment in wound healing associated with long-term
maintenance on steroids often complicates the man-
agement of these patients. If possible, coverage by
skin grafts avoids potential development of donor
site wounds associated with both local and distant
flaps.

Vascular disease. Small vessel disease associated
with diabetes mellitus adversely affects muscle cir-
culation, and donor site healing is often impaired. Al-

though local muscle flaps may salvage lower extrem-

ity ulcerations resulting from diabetes, long-term pre-
vention of amputation is uncommon. Use of skin
grafts is generally preferred over random, axial, and

distant flaps for coverage of the lower extremity

wound in diabetic patients.

Although trauma commonly precedes the develop-
ment of lower extremity ulceration, the difficult
wound problem after minor trauma generally indi-
cates underlying local disease. Fvaluation of possible
impairment of arterial or venous insufficiency is es-
sential before selection of a method for coverage.
Presence of claudication, rest pain, or absence of dis-



tal pulses requires specific evaluation for arterial
vascular disease (i.e., arteriograms). Presence of the
history of thrombophlebitis, chronic pain, and lower
leg edema requires specific evaluation for venous in-
sufficiency (i.e., phlebograms). When possible, cor-
rection of the underlying local vascular disease is an
essential part of lower extremity reconstruction.

Débridement and skin grafts in conjunction with
vascular surgery for arterial insufficiency generally
provide adequate coverage. In venous insufficiency
excision of the ulceration and adjacent abnormal skin
and subcutaneous tissue with placement of skin
grafts on muscle and periosteum provides stable cov-
erage if support stockings are faithfully used by the
patient.

The selection of the muscle flap in arterial vascular
disease when skin grafts are not successful for cov-
erage is not recommended without prior vascular re-
construction. However, successful vascular recon-
struction should restore adequate profusion of lower
leg muscles via their respective dominant vascular
pedicles to allow safe muscle transposition. Use of
the distant muscle or axial flap transplanted by mi-
crovascular techniques has been successfully per-
formed when local muscle flaps are unavailable (i.e.,
distal third of leg) after successful arterial vascular
reconstruction.

Distant flaps from the opposite leg transposed ei-
ther as a cross-leg flap or free flap are avoided, since
donor site healing problems may result from similar
vascular disease.

The selection of the muscle transposition flap for
venous disease when skin grafts are unsuccessful
is a useful technique. However, recurrent ulcera-
tion and donor site healing problems are common,
since the venous drainage of the transferred mus-
cle is often into an incompetent venous system. If
the phlebogram reveals complete thrombosis of the
deep venous system, it is necessary to maintain
proximal superficial venous connections to avoid
muscle flap failure after its transposition for wound
coverage. Distally based muscle flaps are not used
in the presence of venous insufficiency. Distant
flaps whether designed as cross-leg flaps or free
flaps are rarely used unless the venous drainage of
the flap is located proximally to the level of venous
insufficiency.

Trauma. Coverage of the traumatic wound remains
the most frequent problem encountered by the re-
constructive surgeon. The technique selected de-
pends on the timing and extent of the injury. A re-
constructive ladder is again stressed for selection of
the simplest method for closure. In multiple organ
system injuries débridement, stabilization of frac-
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tures, and physiologic dressings may preclude any
procedures for immediate coverage. However, expo-
sure of major vessels, nerves, or tendons may require
early attention for coverage. As soon as initial or sub-
sequent wound débridement has adequately removed
devitalized tissue, bone fractures are stabilized, and
adequate circulation is confirmed, coverage should
be accomplished. If skin grafts will not provide reli-
able coverage in the acute phase, the reconstructive
surgeon must select either a local or distant flap. A
lack of axial flaps and poor reliability of local random
flaps result in the necessity to either use a local mus-
cle transposition flap or a distant flap in management
of a traumatic wound.

Location

Reconstructive requirements for lower extremity
coverage vary with defect location. Factors such as
flap availability and occurrence of trauma or pressure
at the site of required coverage are considered. Al-
though the etiology of the defect often demands se-
lection of a particular method, long-term success is
often based on the selection of the particular method
that best establishes form and function at the site of
reconstruction.

The lack of axial flaps and poor reliability of local
random flaps in the lower extremity have resulted in
the use of the distant random flap designed either as
a tubed pedicle flap or a cross-leg flap to achieve de-
fect coverage. With identification of the local muscle
and musculocutaneous flap as a reliable single-stage
technique, transposition of the muscle flap has be-
come an accepted technique for coverage of lower
extremity defects. Recently free flaps (muscle or ax-
ial) and the cross-leg musculocutaneous flap are
used for coverage of lower extremity defects. The re-
constructive surgeon now has several alternative
techniques to establish coverage when standard clo-
sure or skin grafts will not cover the difficult lower
extremity wound.

Distant flap vs muscle and
musculocutaneous flap

Since both the distant flap (i.e., cross-leg and free
flap) and the local muscle flap are well established as
reliable techniques for lower extremity coverage, the
reconstructive surgeon must consider the relative ad-
vantages of each method. In general, a muscle flap is
preferred for lower extremity coverage.

Donor site proximity to wound. In the recon-
structive ladder, a local flap is generally a more direct
and simple method to achieve wound coverage. With
exception of the distal third of the leg, muscles are
available adjacent to lower extremity defects with
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vascular pedicles located proximally and distant from
the zone of injury.

Reliability. Since a muscle or musculocutaneous
flap is based on the single or dominant vascular
pedicle(s) to muscle, flap survival is reliable without
necessity of prior flap delay or reliance of a specific
length-width ratio.

Accessibility of flap. Although elevation of a spe-
cific muscle requires knowledge of both the intended
muscle for transposition and adjacent structure sub-
ject to injury (i.e., sensory and motor nerves and ves-
sels), muscle flap elevation is performed between
muscle planes with relative ease. The problems of
maintaining the opposite leg in proximity to the
cross-leg flap recipient site is avoided.

Single-stage procedure. Transposition of the mus-
cle or musculocutaneous flap is generally completed
in one procedure. With stable wound coverage com-
pleted, hospitalization is shortened, and emphasis is
placed on rehabilitation and secondary reconstructive
procedures when required.

Bacterial contamination. The difficult lower ex-
tremity wound after trauma is contaminated with
bacteria and despite aggressive débridement may de-
velop wound infection after coverage. The use of
systemic and topical antibodies generally controls
wound bacterial flora. Experimental data have dem-
onstrated the superior resistance to bacterial inocu-
lation of both the cutaneous and muscular surfaces
of the musculocutaneous flap when compared to the
random flap for coverage of such defects.

The muscle and musculocutaneous flap has cer-
tain disadvantages not inherent to the distant flap for
coverage of lower extremity defects.

Loss of function. Transposition of a muscle gen-
erally requires release of the muscle insertion. This
eliminates the locomotor function of the particular
muscle. In general, the muscles selected for use have
synergistic muscles that preserve function. Recent
modifications in muscle flap design (e.g., segmental
muscle transposition and skin-fascial flaps) allow
maintenance of muscle-tendon continuity while pro-
viding coverage. However, in extensive injuries pres-
ervation of remaining muscles is vital to future leg
function. When function-preserving techniques are
unavailable, the use of a distant flap eliminates the
necessity of disrupting remaining uninjured muscles.

Vascular injury. Extensive vascular injuries may
have jeopardized the circulation of the injured ex-
tremity. Transposition of muscle may interrupt exist-
ing vascular communications from the dominant vas-
cular pedicle through the muscle to the distal leg via
the inferiorly located minor pedicles. The use of a

distant flap eliminates the potential for lower extrem-
ity vascular compromise,

Distal leg. The transposition of muscle or muscu-
locutaneous flaps is not reliable for coverage of lower
third leg defects. The paucity of muscle fibers in the
lower third of the leg allows coverage of only small
defects as local transposition flap. The design of ex-
tended musculocutaneous flaps (i.e., gastrocnemius,
soleus, and peroneus muscles) may cover such de-
fects but often result in exposure of tendons in
the distal leg, resulting in donor site coverage prob-
lems. The design of distally based muscle flaps (i.e.,
soleus and extensor digitorum longus) will also cover
such defects but are not always reliable because of
variability in number and location of minor pedicles.
Injury of these pedicles resulting from their proxim-
ity to the wound is common. In this area, the distant
flap is the procedure of choice for a difficult coverage
problem.

Appearance. In the management of the difficult
lower extremity wound, appearance is a secondary
consideration. However, use of muscle as a transpo-
sition flap with skin graft coverage avoids both the
bulky appearance at the recipient site and donor site
deformity associated with the musculocutaneous
flap.

In reconstruction of a contour defect or replace-
ment of unstable skin, appearance is often a primary
consideration. The tailored distant flap is generally
the procedure of choice. If the cross-leg flap is se-
lected, the donor site on the contralateral leg is often
unacceptable. Selection of a free flap from a distant
site where clothes will conceal the donor scar is the
method of choice.

MUSCLE AND MUSCULOCUTANEOUS
FLAPS FOR SPECIFIC REGIONS

If transposition of a particular muscle is selected as
the method of choice for lower leg reconstruction, a
review of regional and specific muscle anatomy is re-
quired. If the defect or zone of injury extends into
the area of the vascular pedicles of the muscle, an-
other muscle is considered as an alternative. Arterio-
grams are obtained to confirm the patency of the ma-
jor or dominant vascular pedicles of the muscle if in-
jury or vascular disease is suspected.

The timing of muscle flap transposition is impor-
tant. If coverage of a defect associated with underly-
ing fractures is required, stabilization of the fracture
site is essential. Balanced skeletal traction does not
generally provide adequate stabilization of bone frac-
tures.



Muscle flap transposition is also delayed until
débridement of devitalized tissue is complete. How-
ever, excessive delay is also avoided, since the lack of
vascularized coverage often allows extension of the
wound. Muscle flap transposition is performed at the
same time as definitive wound débridement and not
performed as a secondary procedure.

A tourniquet is used during both débridement of
the defect and elevation of the muscle flap for knee
and leg coverage. Identification of the appropriate
muscle for transposition and avoidance of injury to
adjacent structures during the muscle elevation is
best achieved with a bloodless field. After flap eleva-
tion is completed, the tourniquet is released and he-
mostasis is obtained. A suction drainage system is
placed within the donor defect to avoid seroma for-
mation.

If a muscle flap is used, skin grafts are placed on
exposed muscle fibers at the time muscle transposi-
tion is performed. The skin graft is meshed, since the
graft contours better to the muscle surface. If the
surface of the muscle contains thick fascia, this is
excised so that the skin grafts are placed directly on
muscle fibers. Delayed placement of skin grafts is not
necessary, since a secondary procedure is routinely
required, and the majority of grafts survive the initial
application over the exposed muscle belly. However,

TABLE 3 Thigh coverage
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occasional failure of initial graft survival may require
a secondary graft procedure.

If a musculocutaneous flap is used, prior incisions
into the cutaneous territory of the muscle do not pre-
clude its use. However, if prior incisions or injuries
have extended completely through the skin and mus-
cle, the distal musculocutaneous flap will not gener-
ally survive transposition.

The technique of elevation of muscle units is de-
scribed based on the ability of the muscle to cover
defects within specific regions of the lower extremity.
The flap design and surgical approach for flap eleva-
tion are determined by the specific reconstructive re-
quirements of the defect and the muscle anatomy en-
countered during flap elevation. Although the selec-
tion of a specific muscle and the technique of eleva-
tion in each instance are always variable, guidelines
are presented to assist the surgeon in muscle selec-
tion, design, and elevation for use as a transposition
flap.

THIGH (Table 3)

Muscle flap transposition is occasionally useful in
the thigh for coverage of defects associated with os-
teoradionecrosis, exposure of vascular prosthesis, or
large tumor resection defects. The anterior thigh

Technique Proximal third Middle third Distal third
Muscle of elevation Anterior Posterior Anterior Posterior Anterior Posterior

Gracilis Musculocutaneous X X
Distally based X X X
Cross-thigh X X

Gluteal thigh Skin-fascia X X X X
Cross-thigh X X X X

Medial gastrocnemius  Cross-leg skin- X X

fascial

Rectus femoris Muscle X X X X
Musculocutaneous X X X X X
Cross-thigh X X

Sartorius Muscle X X
Advancement X

TFL Musculocutaneous X X X X

Vastus lateralis Muscle X X X X X X
Musculocutaneous X X X X

Vastus medialis Muscle X X X
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muscles suitable for transposition either as muscle or
musculocutaneous flaps include the following:

Sartorius

Gracilis

Vastus medialis

Vastus lateralis

Rectus femoris

TFL
Any of these muscle units are useful for proximally
located thigh defects, although the arc of rotation is
limited in the sartorius because of its segmental (type
IV) pattern of circulation.

The TFL is not used for cover of exposed vascu-
lar prosthesis, since its fascial surface is not pliable,
and contact of well-vascularized muscle with the
vascular prosthesis is not obtained because of its
thick fascial undersurface. Even with the use of
optimal muscle units such as the rectus femoris or
vastus lateralis, salvage of the infected vascular
prosthesis is not always possible. For this reason
bypass grafts around the site of the infection with
removal of the infected graft are preferable if this
alternative is available.

For small defects in the superior half of the
thigh, transposition of the sartorius muscle or gra-
cilis musculocutaneous flap is useful.

For small defects in the inferior half of the thigh,
transposition of the vastus medialis or vastus lateralis
muscles is useful. The fibers of insertion of either
muscle are divided and the muscle mobilized proxi-
mally until defect coverage is achieved. Attachment
of the vastus medialis to the joint capsule will restore
leg extension for distal thigh central defects associ-
ated with loss of the rectus femoris muscle.

For coverage of large anterior or posterior thigh de-
fects, transposition of the vastus medialis, vastus
lateralis muscle, and TFL musculocutaneous units is
useful. These muscles are expendable if the remain-
ing quadriceps muscles are intact. However, signifi-
cant loss of thigh muscles may require use of a dis-
tant flap to avoid further loss of leg extension after
transposition of one of these remaining muscles.
(Technique of elevation of the TFL musculocuta-
neous unit is described in Chapter 23.)

Sartorius

The defect is enlarged by a linear incision in the
direction of the sartorius muscle belly. The sartorius
muscle mobilization requires division of two or three
segmental vascular pedicles to allow its transposition
into the defect. (Further details regarding the anat-
omy and technique of elevation are available in
Chapter 23.) If a wide arc of rotation is required, the

muscle is not reliable, and another muscle unit is se-
lected.

Gracilis

The gracilis musculocutaneous unit will cover both
anterior and posterior thigh defects. Elevation of the
flap in the prone position is possible. Careful identi-
fication of the distal third of the muscle is stressed
before the skin portion of the musculocutaneous flap
is designed. The distal third of the muscle will not
safely carry its overlying skin as a musculocutaneous
flap. (For detailed description of flap anatomy and
technique of elevation see Chapter 23.)

Vastus medialis

The vastus medialis muscle is located on the me-
dial thigh and is readily identified in the distal ante-
rior thigh located medially to the sartorius muscle
and laterally to the rectus femoris muscle. With a
type II pattern of circulation, the muscle will survive
transposition based on its dominant vascular pedicles
entering the proximal third of the muscle from the
profunda femoris artery and vein. The muscle has a
small cutaneous territory located over the medial an-
terior thigh.

Generally this muscle is transposed as a muscle
flap with skin graft coverage over exposed muscle.
After division of its insertion into the quadriceps
mechanism, medial border of the patella, and knee
joint capsule, the muscle is elevated proximally by
division of fibers of origin from the femur.

The muscle is safely elevated to the middle of the
thigh. The femoral nerve is located medially and is
preserved during flap elevation. The donor defect re-
quires direct closure to avoid exposure of the distal
femur.

Vastus lateralis

The vastus lateralis is located on the lateral thigh
deep to the fascia lata located between the rectus fe-
moris muscle medially and the biceps femoris muscle
posteriorly. With a type II pattern of circulation, the
muscle will survive transposition based on its domi-
nant vascular pedicle from the lateral femoral cir-
cumflex artery and vein entering the proximal third
of the muscle.

Generally this muscle is transposed without over-
lying skin, and the exposed muscle is skin grafted.
However, the muscle has vascular connections to the
distal lateral thigh skin (the distal portion of the ter-
ritory of the TFL) and the skin may be included
with the muscle unit as a musculocutaneous flap
(Fig. 30-1).



Buttock

Fig. 30-1. Proximal thigh coverage. Use of vastus lateralis muscle with skin grafts
for coverage of traumatic defect.

A, Close-range shotgun wound with exposure of sciatic nerve(s). Wound located on
posterior superior thigh.

B, Elevation of vastus lateralis (v) muscle flap.

C, Excision of epimysium allows spreading of muscle for coverage of extensive de-
fect.

D, One-year postoperative view demonstrates stable coverage provided by single-
stage procedure.

(From Mathes, S.]J., Vasconez, L.O., and Jurkiewicz, M.].: Extensions and further applications
of muscle flap transposition, Plast. Reconstr. Surg. 60:6, 1977.)
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The muscle is identified through a vertical thigh
incision located over the lateral thigh between the
lateral condyle of the knee and 10 cm inferior to the
anterior superior iliac crest. After incising the fascia
lata, the muscle is visualized. After division of its in-
sertion to the lateral border of the patella and attach-
ments to the quadriceps femoris tendon, the deep at-
tachments of origin to the femur are released. Ele-
vation of the muscle beyond the superior third of the
thigh requires exposure of its vascular pedicle. Re-
traction of the rectus femoris muscle medially allows
identification of the vascular pedicle, the descending
branch of the lateral femoral circumflex artery and
vein. With excision of the epimysium, the muscle
expands and covers large anterior or posterior thigh
defects. Direct donor site closure is required to avoid
exposure of the femur.

Cross-thigh musculocutaneous flaps

Muscle units are not always available for large
thigh defects resulting from vascular injury or ab-
sence of expendable muscle units. The transposition
of musculocutaneous units from the opposite thigh is
a useful alternative technique.

The gracilis and rectus femoris musculocutaneous
units from the opposite leg will easily reach the con-
tralateral anterior thigh. The gluteal thigh flap from
the opposite leg will easily reach the contralateral
posterior thigh. This method of coverage is only rec-
ommended for limb salvage. When used, division of
the flap base is required 14 to 21 days after initial
flap inset to avoid flap necrosis. A delay of the flap
base is advisable before a flap inset. A description of
the techniques of elevation of these flaps is included
in the following chapters: gracilis and rectus fe-
moris—Chapter 23, gluteal thigh flap—Chapter 27.
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Superior third Middle third Inferior third
Technique
Muscle of elevation Anterior Posterior Anterior Posterior Anterior Posterior
Gracilis Distally based X
Medial gastrocnemius  Muscle X X X X
Musculocutaneous X X X X X
Cross-leg, skin- X X X X X X
fascial
Vastus lateralis Muscle X
Vastus medialis Muscle X
Sartorius Muscle X

Muscle flap transposition is generally the method
of choice for knee coverage. The lower extremity
muscles suitable for transposition as muscle or mus-
culocutaneous flaps include the following:

Vastus medialis

Vastus lateralis

Sartorius

Gracilis

Gastrocnemius
The gastrocnemius muscle is the most important
muscle in this group for knee coverage. The other
muscles are only useful for small defects and are less
reliable.

Vastus medialis and vastus lateralis

As described in distal thigh coverage, the vastus
medialis and vastus lateralis are occasionally used as
transposition muscle flaps for coverage of defects lo-
cated on the superior aspect of the knee joint. Skin
grafts are placed on the exposed muscle and the do-
nor site closed directly.

The distal sartorius inserts into the superior medial
surface of the tibia. Since the muscle fibers of the
sartorius extend inferiorly to its insertion, the muscle
has a short arc of rotation to the knee joint. After
division of the distal two to three segmental vascular
pedicles, the muscle will cover small defects. Skin
grafts are placed on the exposed muscle and the do-
nor site closed directly.

Gracilis (distally based with delay)

The gracilis muscle has one or two minor vascular
pedicles entering the distal third of the muscle. Li-
gation of the dominant vascular pedicle, the terminal
branch of the medial femoral circumflex artery and
vein, through an incision in the medial thigh is re-
quired 2 weeks before flap elevation (Fig. 30-2, A and
B). (See Chapter 38 for technique to locate vascular
pedicle.) The proximal muscle with its cutaneous ter-
ritory designed as a skin island is elevated distally
until the distal vascular pedicle entering the medial
muscle is encountered. Since the position and num-
ber of minor vascular pedicles are variable, the point
of rotation is occasionally too superior in the thigh for
reliable knee coverage. Therefore this method is only
used for superiorly located knee defects and then
only as an alternative technique (Fig. 30-2, C to F).
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Fig. 30-2. Distal thigh and knee coverage. Use of distally based gracilis musculocu-

taneous flap for coverage of unstable wound at site of previous trauma.

A, Strategic delay performed 2 weeks before musculocutaneous flap transposition
by ligation of proximal dominant pedicle (medial femoral circumflex artery).

B, Design of skin island over proximal gracilis muscle. Dotted line indicates site of
prior incision for strategic delay. D, Location of divided dominant vascular pedi-
cle; m, site of minor vascular pedicle; s, site of unstable skin over superior knee.

C, Origin of muscle divided with flap elevation.
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Fig. 30-2, cont'd

D, Extent of inferior arc of rotation determined by location of proximal minor vas-
cular pedicle.

E and F, Six-month postoperative views demonstrate stable coverage at site of flap
inset. NOTE: Flap will not reach middle knee region.
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Gastrocnemius

The medial and lateral heads of the gastrocnemius
are the primary muscle or musculocutaneous flaps
used for knee coverage. With a type I pattern of cir-
culation the medial and lateral heads of the gastroc-
nemius each receive a single vascular pedicle, the
sural artery, entering the deep surface of the muscle
within the popliteal fossa. Although both the medial
and lateral gastrocnemius muscle or musculocuta-
neous units will reach the knee, the medial gastroc-
nemius muscle unit has a wider arc of rotation than
the lateral gastrocnemius muscle unit (Fig. 30-3, A).
The lateral gastrocnemius muscle unit is shorter, and
its arc is also decreased because of the presence of
the fibula.

The design of the gastrocnemius muscle or mus-
culocutaneous flap depends on the location and size
of the knee defect (Fig. 30-3, B).

Extensive knee defects. The use of the extended
gastrocnemius musculocutaneous unit increases the
arc of rotation and area of coverage of the flap, since
the skin territory extends distally to the muscle (Fig.
30-3, C).

Inferior or medial knee defects. The medial gas-
trocnemius muscle or musculocutaneous flaps con-
sisting of muscle with a skin island will cover the
medial or inferior knee (Fig. 30-3, D). The muscle
flap is preferable since the coverage is less bulky with
muscle and skin grafts. Also the donor site is closed
directly without the necessity of skin grafts. Thus,
donor site deformity is decreased.

Lateral knee defects. The lateral gastrocnemius
muscle or musculocutaneous flap consisting of mus-
cle with a skin island will cover lateral knee defects.
Again the muscle flap is preferable, since less bulk is
noted at the recipient site, and donor site deformity is
decreased. However, the muscle length is variable.
For this reason if the lateral gastrocnemius appears
short on physical examination, the extended muscu-
locutaneous flap will provide a wider arc of rotation.

Posterior knee (popliteal fossa). Both medial and
lateral gastrocnemius muscle or musculocutaneous
flaps will cover the popliteal fossa. However, defects
in this area may include loss of the vascular pedicle
to the planned muscle flap. Unless arteriography or
exploration confirms the patency of the sural artery,
alternative flaps for coverage are used.

Fig. 30-3. Flap design of medial gastrocnemius.

A, Dotted lines indicate location of muscle.
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Fig. 30-3, cont’d

B, Standard design of musculocutaneous flap for coverage of middle or proximal
third of leg.

C, Design of extended musculocutaneous flap for leg or knee coverage.

D, Design of skin island for gastrocnemius musculocutaneous flap for leg or knee
coverage.
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Medial gastrocnemius. The technique of elevation
of the medial gastrocnemius muscle for transposition
is similar whether designed as a muscle or musculo-
cutaneous flap. The muscle is exposed through a ver-
tical incision extending from the knee to the ankle
and located 2 cm medially to the anterior edge of the
tibia (Fig. 30-4, A). The saphenous vein is preserved
when encountered beneath this incision (Fig. 30-4,
B). After the soleus muscle is visualized deep to the
gastrocnemius, the plane between these muscles is
entered in the proximal third of the thigh. The plan-
taris tendon is visualized within this intermuscular
plane and preserved (Fig. 30-4, C). After the soleus
is completely separated from the gastrocnemius in
the superior third of the leg, the deep surface of the
gastrocnemius is examined. Generally a raphe is vi-
sualized between the medial and lateral heads of the
gastrocnemius muscle. If this raphe is not clear, the
medial head is separated from the lateral head at the

midposterior leg. As the dissection progresses inferi-
orly, the medial half of the soleus is sharply separated
from its junction with the gastrocnemius until the
Achilles tendon is reached. At this level the medial
half of the Achilles tendon is divided completely, re-
leasing the distal medial gastrocnemius muscle from
adjacent muscles and its tendon of insertion (Fig.
30-4, D).

If overlying skin is included with the muscle as a
musculocutaneous flap, it is incised carefully, main-
taining its vascular connection with the underlying
muscle. If the muscle is elevated without overlying
skin, the posterior leg skin is separated from the su-
perficial (posterior) surface of the muscle to the site
of prior separation of the raphe between the two
heads of the gastrocnemius. The sural nerve and
lesser saphenous veins are generally visualized at
this level and are preserved.

Fig. 30-4. Technique of elevation of medial gastrocnemius.
A, Location of initial anterior leg incision for elevation of gastrocnemius muscle or

musculocutaneous flap.
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Fig. 30-4, cont’d

B, Identification of soleus muscle (s), medial gastrocnemius (g), and saphenous
vein (v).

C, Intermuscular plane between soleus (s) and gastrocnemius (g) muscles is located
in proximal third of leg. NOTE: Plantaris tendon (p) between muscles.

D, Arrows denote site of release of medial soleus muscle from medial gastrocnemius
muscle at musculotendinous junction. Dashed line indicates site of release of
fibers of insertion into Achilles tendon. Continued.
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The proximal dissection of the muscle is carried to
the level of the medial condyle of the femur. Gener-
ally flap length is adequate at this time to reach the
knee for defect coverage. (Fig 30-4, E and F). If
length is still inadequate, dissection into the popliteal
fossa will increase the arc of rotation, but the sural
artery is subject to injury. Release of the muscle ori-
gin will still further increase the flap length, but the
sural artery is identified before this maneuver is per-
formed. Dissection of the medial gastrocnemius

Fig. 30-4, cont’d

rarely extends superior to the medial condyle. Fur-
ther dissection is avoided if possible, since the vas-
cular pedicle and tibial nerve are subject to injury.

The thick posterior fascia of the gastrocnemius
limits the expansion of the gastrocnemius muscle.
Linear incisions or excision of this fascia is occasion-
ally performed to increase the area of coverage, es-
pecially when the muscle is transferred without
overlying skin (Fig. 30-4, G and H).

E, Transposition of medial gastrocnemius muscle to proximal third of leg. NOTE:
Absence of severe contour deformity in mid calf with direct donor site closure.)
F, Transposition of muscle for knee coverage. NOTE: Proximal extent of deep dissec-

tion does not enter popliteal fossa.
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Fig. 30-4, cont’d

G, Linear incisions in thick deep fascia of muscle allow expansion of muscle width
for greater coverage.

H, Transposition of expanded muscle flap for knee coverage.
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Lateral gastrocnemius. The technique of elevation
of the lateral gastrocnemius is similar, regardless of
flap design as muscle or musculocutaneous flap. The
muscle is exposed through a lateral vertical incision
located 2 cm posteriorly to the fibula, extending from
the knee to the ankle. The lateral edge of the soleus
muscle is visualized. The intermuscular plane be-
tween the soleus and deep surface of the lateral gas-
trocnemius muscle is entered in the proximal third of
the leg. The superficial peroneal nerve is encoun-
tered at the level of the head of the fibula and is pre-
served. When the raphe between the lateral and me-
dial heads of the gastrocnemius muscle is encoun-
tered, the two heads of gastrocnemius muscle are
separated. The soleus and lateral gastrocnemius
muscles are separated at their junction with the
Achilles tendon, and the attachment of the lateral
gastrocnemius to the tendon of insertion is divided.

If overlying skin is included with the muscle as a
musculocutaneous flap, it is incised carefully, main-
taining its vascular connections with the underlying
muscle. If the muscle is elevated without overlying
skin, the posterior leg skin is separated from the su-
perficial (posterior) surface of the muscle to the site
of prior separation of the two heads of the gastroc-
nemius at the midposterior raphe. At this level the
sural nerve and lesser saphenous veins are generally
visualized and preserved.

The proximal dissection of the muscle is carried to
the level of the lateral condyle of the femur. Gener-
ally flap length is adequate at this time to reach the
knee. Further dissection into the popliteal fossa will
increase the arc of rotation. The technique and pre-
cautions regarding this maneuver are similar to those
described previously for the medial gastrocnemius
muscle.
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Technique Proximal Middle Distal
Muscle of elevation third third third
Extensor digitorum longus Muscle X
Segmental X
Distally based X X
Extensor hallucis longus Muscle X
Distally based X
Flexor digitorum longus Muscle X
Segmental X
Gastrocnemius Musculocutaneous X X
Muscle X X
Skin-fascial X X X
Cross-leg X X X
Peroneus brevis Muscle X
Peroneus longus Muscle X
Soleus Muscle X X X
Segmental X X
Distally based X
Advancement X X
Tibialis anterior Muscle - X X
Segmental X X
Advancement X X

LEG (Table 5)

The muscle and musculocutaneous flap is the
method of choice for defects in the proximal two
thirds of the leg. In the distal third of the leg the lack
of muscle fibers and superficial location of tendons
and nerves prevents the reliable use of muscle and
musculocutaneous flaps for coverage. However,the
distal transposition of muscle will provide coverage
of the distal leg. The skin-fascial flap based on the
gastrocnemius musculocutaneous perforating ves-
sels, cross-leg musculocutaneous flaps, and func-
tion-preserving techniques for lower extremity mus-
cle transposition are recent modifications in the de-
sign of muscle flaps for lower leg coverage in an
effort to improve coverage and provide optimal form
and function.

The muscle and musculocutaneous flap is pre-
ferred for leg coverage when chronic infection is a
component of the defect, usually involving bone (os-
teomyelitis). The muscle flap when placed within the
wound after débridement demonstrates resistance to
necrosis resulting from bacterial invasion. Both reso-
lution of the chronic infection and coverage are gen-
erally achieved after use of muscle or musculocuta-

neous flap transposition to the debrided lower ex-
tremity wound.

The muscles useful for lower leg coverage and the
region where their use is recommended include the
following:

Proximal third leg defects

Gastrocnemius

Skin-fascial gastrocnemius
Medial third leg defects

Soleus

Skin-fascial gastrocnemius

Flexor digitorum longus

Peroneus longus

Tibialis anterior

Extensor digitorum longus
Distal third leg defects

Soleus

Skin-fascial gastrocnemius

Extensor digitorum longus

Tibialis anterior

Extensor hallucis longus

Peroneus brevis

Cross-leg skin-fascial gastrocnemius
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Proximal third leg defects

The gastrocnemius muscle is the primary muscle
used in coverage of the proximal third of the lower
leg. The soleus muscle transposed medially will
reach this area, but the proximal dissection is diffi-
cult and only indicated in the absence of the medial
or lateral heads of the gastrocnemius muscle.

Gastrocnemius. The design of the medial or lateral
gastrocnemius for upper third leg coverage includes
the following (Fig. 30-3):

Muscle only

Musculocutaneous flap

Standard
Island
Skin-fascial

Muscle and musculocutaneous flap (Fig. 30-4).
Transposition of muscle only with skin graft applica-
tion to exposed muscle is preferred, since bulk is de-
creased at the site of reconstruction (Fig. 30-5). Also
the donor site deformity noted with the musculocu-
taneous flap is avoided. The standard musculocuta-
neous flap maintaining proximal leg skin continuity
at the flap base or the island musculocutaneous flap
increases the area of flap coverage and is recom-
mended for large defects. The use of the muscle to
fill sequestrectomy defects is advocated when
chronic osteomyelitis is present. The anatomy and
technique of elevation of the medial and lateral gas-
trocnemius muscle are included in the section for the
use of the gastrocnemius in knee coverage.

Fig. 30-5. For legend see opposite page.



Fig. 30-5. Proximal third of leg coverage. Use of gastrocnemius muscle flap with skin
graft for coverage of open tibial fracture.

A,
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Exposed proximal tibial fracture.

Fracture segments stabilized with external fixation apparatus.

Medial gastrocnemius muscle elevated (g). Linear incisions in deep fascia of
muscle allow muscle expansion. s, Soleus muscle.

Transposed muscle covers exposed fracture site. Donor site closed directly.
Stable wound coverage in one operation.
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Skin-fascial gastrocnemius flap. The use of the
distal cutaneous territory of the medial and lateral
gastrocnemius musculocutaneous flap with distal
random extension is possible without elevation of the
muscle. The large musculocutaneous perforators that
enter the skin at the midportion of each head of the
gastrocnemius muscle are the vascular pedicles for
these flaps (Fig. 30-6). Both medial and lateral skin-
fascial leg flaps will cover defects in the proximal and
middle third of the leg.

The midportion of the medial or lateral gastrocne-
mius muscle is determined by preoperative inspec-
tion. This determines the probable base of the flap.
The flap is then designed distal to this level, incor-
porating medial or lateral leg skin. The medial skin
flap is located between the tibia and posterior midline

and the lateral flap between the fibula and posterior
midline (Fig. 30-7, A).

Flap elevation starts distally with elevation of skin
and subcutaneous tissue until the junction of the
gastrocnemius muscle with the Achilles tendon is vi-
sualized. At this level the epimysium is included with
the flap. As the dissection approaches the midportion
of the muscle belly, the musculocutaneous perfora-
tors are preserved (Fig. 30-7, B). If flap length is not
adequate at this level, it is preferable to elevate the
underlying medial or lateral gastrocnemius muscle
with the flap. The paratenon is preserved on the
Achilles tendon. Although the donor areas requires
skin grafts, there is minimal contour deformity, and
the continuity of the gastrocnemius muscle is pre-
served (Fig. 30-7, C).

Fig. 30-6. Skin-fascial flap musculocutaneous perforators (arrows) from medial gas-
trocnemius muscle are vascular basis for skin-fascial flap. NOTE: Black pin indicates
location of major musculocutaneous perforating vessel.



Fig. 30-7. Design and technique of elevation of skin-fascial flap.

A, Solid line denotes flap design. Dotted line denotes medial gastrocnemius muscle.

B, Flap base located at midportion of medial gastrocnemius muscle (g). Arrow de-
notes musculotendinous junction. NOTE: Musculocutaneous perforating vessels
ligated only as required for adequate arc of rotation. s, Soleus muscle.

C, Transposition of skin-fascial flap will cover defects of proximal leg defects. s,

Soleus muscle; g, gastrocnemius.
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Middle third leg defects

The soleus is the primary muscle used for coverage
of middle third defects. The soleus has adequate size
to cover large defects and is occasionally used in
combination with the medial gastrocnemius muscle
flap if greater area of coverage is required (Figs. 30-
8 and 30-9). The tibialis anterior, extensor digitorum
longus, and flexor digitorum longus are not expend-
able muscles. However, segmental elevation of these
muscles, maintaining tendon continuity with proxi-
mal muscle, is useful for coverage of small defects.

The skin-fascial flap based on the gastrocnemius
musculocutaneous perforating vessels will also cover
middle third defects. This flap modification is dis-
cussed under gastrocnemius, proximal third leg cov-
erage. The use of the soleus muscle to fill the se-
questrectomy site is advocated when chronic osteo-
myelitis is present (Fig. 30-10). The muscles used for
middle leg coverage are transposed as muscle with-
out overlying skin. Skin graft coverage of exposed
muscle is necessary.

Fig. 30-8. Proximal and middle third leg coverage. Use of medial gastrocnemius mus-

cle and soleus muscle flaps with skin graft for coverage of exposed tibial fracture.

A and B, Proximal tibia exposure and open tibial midshaft fracture. Fracture align-
ment maintained with external fixation apparatus.



Fig. 30-8, cont’'d

C and D, Medial gastrocnemius (g) and soleus (s) muscle elevation.

E, Meshed skin graft placed over exposed muscle. Donor site closed directly.
F, Stable wound coverage in one operation.



For legend see opposite page.

ig. 30-9.

E
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Fig. 30-9. Proximal and middle third leg coverage. Use of medial gastrocnemius mus-

cle and soleus muscle flaps with skin graft for coverage of osteoradionecrosis.

A, Osteoradionecrosis at site of prior radiation therapy for bone tumor.

B, Defect after resection of ulcer and adjacent scar tissue.

C and D, Medial gastrocnemius (g) and soleus (s) muscles transposed onto exposed
anterior tibia.

E, Two-vear postoperative view demonstrates stable coverage.

(Reproduced with permission from Brown, R.G., and Jurkiewicz, M.J. Reconstructive Surgery
in the Cancer Patient, in Hickey, R.C., et al. (eds.): CURRENT PROBLEMS IN CANCER.
Copyright © 1977 by Year Book Medical Publishers, Inc., Chicago.)
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Fig. 30-10. Middle third leg coverage. Use of soleus muscle flap with skin graft for
coverage of sequestrectomy defect of chronic osteomyelitis.

A, Four-year history of chronic osteomyelitis at site of prior open tibial fracture.

B, Sequestrectomy defect.

C, Soleus muscle elevated. Continued.
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Fig. 30-10, cont’d

D, Segmental muscle flap elevation with preservation of lateral soleus muscle. Arrow
denotes lateral half of soleus muscle. p, Plantaris tendon; g, medial gastrocne-
mius; v, posterior tibial vessels,

E, Soleus muscle placed into sequestrectomy defect. Donor defect closed directly.
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Fig. 30-10, cont'd
F, Stable wound coverage without recurrence of bone infection.
G, Use of muscle flap allows direct closure of donor site without contour deformity.
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Soleus. The soleus is a posterior calf muscle lo-
cated deep to the gastrocnemius muscle, extending
the entire width and length of the lower leg. With a
type 11 pattern of circulation, the muscle receives
dominant vascular pedicles in its proximal third from
the popliteal, posterior tibial, and peroneal arteries.

The muscle also receives minor pedicles distally
that require division when muscle transposition is
performed for middle leg coverage. The muscle is el-
evated from either the medial or lateral leg approach.
However, the medial approach is technically easier
and the transposition of the muscle is not limited by
the fibula.

Medial approach. A vertical incision is made 2 cm
medially to the tibia, extending from the medial con-
dyle to the ankle (Fig. 30-11, A). The soleus muscle
is identified beneath the medial head of the gastroc-
nemius muscle. The intermuscular plane between
the soleus and gastrocnemius muscle is located in
the proximal third of the leg. After separation of the
two muscles proximally, the muscle is divided from
its junction with the Achilles tendon from the mid-
calf level distally, as required for flap length (Fig. 30-
11, B). The plantaris tendon located between the gas-
trocnemius and soleus muscle is preserved. The deep
surface of the muscle is separated from the flexor

e

digitorum longus at the middle third of the leg. When
this plane is identified, the muscle is elevated proxi-
mally, dividing the minor vascular pedicles as they
enter the medial deep aspect of the soleus muscle
belly. Since these vascular pedicles are short, it is
preferable to suture ligate rather than use the elec-
trocautery to avoid injury to the posterior tibial ves-
sels (Fig. 30-11, C). The dissection is carried proxi-
mally until adequate flap length and size are avail-
able for defect coverage. Once flap elevation reaches
the midcalf level, no vascular pedicle is divided un-
less its release is required to increase flap length
(Fig. 30-11, D to G).

If the defect does not involve the complete middle
third of the leg, it is not necessary to elevate the en-
tire muscle. Segmental flap elevation with function
preservation is possible by splitting the muscle in the
midposterior calf, leaving the lateral muscle in conti-
nuity with the Achilles tendon (Figs. 30-10, D and
30-11, D). This portion of the muscle is not devas-
cularized because of laterally located dominant vas-
cular pedicles from the peroneal artery. The medial
muscle is transposed into defect, and the exposed
muscle is skin grafted. The donor site is closed di-
rectly.

4 :

Fig. 30-11. Design and technique of elevation of soleus muscle.

A, Location of skin incision for muscle exposure.

B, Intermuscular plane in proximal third of leg allows separation of medial gastroc-
nemius (g) and soleus (s) muscles. NOTE: Location of plantaris tendon (p) on
superficial surface of soleus muscle. Arrows denote site of division of soleus mus-
cle from Achilles tendon in middle third of leg.
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Fig. 30-11, cont'd

C, Mobilization of deep surface of soleus muscle requires identification of posterior
tibial artery and veins with identification of inferior minor vascular pedicles to
muscle (arrows).

D, Muscle split at midposterior calf (dotted iine denotes segmental transposition) or
entire muscle elevated for transposition. Pedicles from the posterior tibial artery
are only divided as required for adequate muscle arc of rotation. ms, Medial so-

leus; Is, lateral saleus; g, gastrocnemius. Continued.
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Fig. 30-11, cont’d
E and F, Medial soleus muscle transposed for coverage of distal leg defects.
G, Medial soleus muscle transposed for coverage of middle third leg defects.

Lateral approach. The lateral approach for soleus
elevation is very difficult and is only used when (1)
the defect is located lateral to the tibia; (2) the me-
dial half of the soleus muscle is involved in the trau-
matic defect; and (3) the fibula is excised and so-
leus exposed during tumor extirpation or wound
débridement.

A vertical incision is made 2 cm laterally to the fib-
ula. The soleus muscle is visualized between the per-
oneus longus and gastrocnemius muscles. The inter-
muscular plane between the soleus and gastrocne-
mius muscles in the proximal third of the leg is iden-
tified. After the muscles are separated, the soleus is

divided from its attachments to the Achilles tendon
distally until an adequate length of muscle is mobi-
lized. Proximal elevation of the muscle is difficult,
since vision of the medial side of the muscle is ob-
structed by the fibula. However, ligation of medially
located minor vascular pedicles to the soleus is re-
quired to avoid later hematoma formation. The mus-
cle is elevated proximally to the middle third of the
leg. At this time further muscle elevation is only per-
formed until adequate muscle is available to reach
the defect. The exposed muscle is skin grafted and
the donor site closed directly.



Flexor digitorum longus. The flexor digitorum
longus is a posterior calf muscle rarely used as a
transposition flap. With a small muscle belly and a
type IV pattern of circulation, the muscle is only used
in conjunction with the soleus for small tibial defects.

Segmental transposition is possible by separation of
muscle from its tendon distally while maintaining
proximal continuity with the tendon insertion (Fig.
30-12).

A vertical incision is made 2 ¢cm medial to the tib-
ia, extending from the knee to the ankle. The soleus
muscle is identified and elevated to visualize its
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deep surface. The flexor digitorum longus muscle is
identified deep to the posterior tibial vessels. The
tendon of insertion is divided distally, or distal mus-
cle fibers are separated from the tendon (segmental
muscle transposition). The distal segmental vascular
pedicles from the posterior tibial artery are divided.
Flap elevation continues proximally until the muscle
reaches the tibial defect. Elevation of this muscle be-
yond the midcalf level may result in loss of distal
muscle because of excessive division of segmental
vascular pedicles. The exposed muscle belly is skin
grafted and the donor defect closed directly.

Fig. 30-12. Middle third leg cover-
age. Use of segmental transposition
of soleus and flexor digitorum lon-
gus m